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Preface 
The domestic laboratory apparatus industry in the early 
days of the United States consisted primarily of a group of import 
firms which brought European microscopes and other instruments 
into the United States and distributed them to interested scien-
tists . In the early nineteen hundreds the first domestic labora-
tory apparatus manufacturers began to spring up and by wid-century 
domestic laboratory apparatus makers accounted for in excess of 
100 million dollars in yearly sales. 
Most of the new firms were started by- a glass blower or 
instrument maker who made special apparatus for some scientist and 
then found other interested customers to whom he supplied his 
various specialties. Thus, the industry mainly consists of a 
large number of small firms most of which are owned by individuals 
or families. 
The various companies are characterized by the fact that 
the vast majority are specialty type manufacturers. Thus, there 
are specialists in microscopes, balances, ovens, stirrers, centri-
fuges, chemicals and the many other types of apparatus. A sub-
stantial portion of the industry consists of distribution outlets 
which handle the distribution of the various manufactured specialties. 
Some of these distribution firms also manufacture equipment. 
Because the industry is comparatively small in the overall 
economw of the United States, and because of the predominance of 
I 
individually ovmed firms, very little information has been published 
about the nature of the industry, its distribution problems, and the 
domestic market for various types of instruments. 
II 
This report was the fulfillment of a need felt by the manage-
ment of the Spinco Division of Beckman Instruments, Incorporated. In-
troduction of some new products for blood analysis had been successfully 
made, however, the i nitial brisk sales period was followed by a very 
definite sales slump. This study was i nstituted to obtain information 
wrd.ch would assist managerrent to develop a new merchandising program, 
which would bring a maximum of sales from the expenditure of available 
promotional funds. Additionally, it was hoped that the information 
presented would assist those interested in studying the laboratory 
apparatus industry, by presenting the details of th~ development, 
manufacture, merchandising, service and app~ication of one exemplary 
system of instruments, .and by tracing the history of a typical 
company in the laboratory apparatus field. 
The writer would like to acknowledge with deep appreciation 
the inspiration and guidance of John P. Al~vU:os, Associate Professor 
in the Marketing Department at Boston University. The cooperation 
of members of the staff of the Spinco Division of Beckman Instruments., 
Incorporated is gratefully ackno-wledged and the kind assistance of 
Dr. E. G. Pickels and Mr. M. C. Hanafin in supplying historical in-
formation is particularly appreciated. Finally, the writer wishes 
to acknowledge with thanks,permission from Beckman Instruments, In-
corporated to publish hitherto confidential sales and market information. 
Introduction 
For more than fifty years, scientists have been aware of a 
physical phenomena known as "electrophoresis". Simply stated, 
electrophoresis means 11bourne by electricity"*· The earliest reports 
of the use of this phenomena were based upon the study of blood cells 
suspended in an electrically conducting solution. The technique 
employed was to pass a direct current from one side of the vessel to 
the other while the moving cells were observed through a microscope. 
These studies showed that various species of cells migrated at 
different rates and this rate was a function of many variables, chief 
among them, the net electrical charge on the blood cell. 
The electrophoresis field remained relatively static until 
1937 when Tiselius** reported the separation and analysis of several 
protein fractions in human blood serum using a technique known as 
11 free electrophoresis 11 • Although the technique pnoved reproducible 
and gave important information, its use has been restricted to re-
search scientists because it is tedious and good equipment is 
expensive, costing from $3,000 to $15,000. (See Appendix I Spinco 
Model H Electrophoresis-Diffusion Instrument) 
In the late 1940's zone electrophoresis became of great 
interest to scientists in both Europe and the United States. The 
main attributes of this technique were the simplicity of equipment 
and eas e of manipulation. In zone electrophoresis, the electrically 
conducting solution is absorbed in the interstices of filter paper, 
starch gell, ground glass or some other porous material. The 
* 14, pp. 3 
** 15, pp. 524-531 
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presence of the stabilizing zone or medium enables t he scientist to 
conduct migrations which are mi nimally affected by t hermal convection, 
evaporation and other disturbing influences. Filt er paper became the 
most popular medium for zone electrophoresis because of the ease of 
procurement, uniformity, and low cost. 
Paper electrophoresis became of increasing interest to 
the medical research worker because it gave i nformation about the 
protein composition of blood serum. Inasmuch as blood washes all the 
cells of the body, its composition often reflects abnormalities in the 
cells associated ~Qth various disease states . Paper electrophoresis 
established a means for positively identifying multiple myeloma, a 
cancer of the bone marrow. Paper electrophoresis also assisted in 
the diagnosis of other diseases such as nephritis, hepatitis and 
a-gammaglobulinanemia. 
As research workers became more f amiliar with this new 
technique, clinical workers became more interested and, particularly 
in Europe, the medical profession began to depend upon the results of 
paper electrophoresis to assist in diagnostic evaluation of patients. 
In general, paper electrophoresis can be performed on 
si mple homemade equipment such as drawn in Figure 1. By passing a 
direct current through the moistened filter paper, the charged pro-
tein molecules in the serum sample are caused to migrate. ~hen 
veronal buffer (pH 8.6 and an ionic strength of 0.05) is used as the 
electrolyte, albumin migrates most rapidly and soon outdistances the 
other proteins in the strip. The proteins other than albumin are known 
2 
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Figure 1 . ,:omemade Electrophoresis Cell 
~~-----------~ ---- -
as globulins and it was Tiselius* who demonstrated that there were 
several electrophoretically different globulin fractions. He arbitrar-
ily named the fraction migrating behind albumin "alpha globulin"; the 
nex t fraction "beta globulin" and the fraction which did not migrate 
at all "gamma globulin". Later work with more refined instruments 
demonstrated that serum from a normal human contains one more protein 
fr action between albumin and alpha globulin. In the original work 
reported by Tiselius*, this fraction had appeared with the albumin 
fraction because of poor resolution. The newly discovered fraction 
was named alpha-one globulin and the previously known alpha fraction 
was termed alpha-two globulin. 
After passing direct current through the strip for a suitable 
period of time, the various proteins will have migrated far enough so 
that they do not overlap. At this time_, the electrical current is 
stopped and the filter paper strip removed from the cell. All the 
protein fractions are colorless and it is, therefore, not possible to 
estimate the proportions of the various fractions. 'l'he most common 
technique used to estimate the proportions of protein fractions is to 
immerse the strip in a dye solution which will stain the proteins but 
not the filter paper. After a suitable time, the paper strip is re-
moved from the dye and then the strip is rinsed to wash the dye from 
interstices of the paper but not from the protein. A typical normal 
person's protein pattern stained ~~th bromphenol blue dye is shown 
in Figure 2. 
-ll-1.5) pp 534-.531 
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Figure 2. Serlli~ Protein Pattern From a Normal Person 
Scientists perforrrd_ng serum paper electrophoresis originally 
evaluated the stained protein strips by eye, comparing strips from 
normal persons with strips from persons in various disease states. 
Comparison by visual study was quite acceptable for scientists w.Lthin 
a single institution, but when . they desired to report their findings 
in medical journals, visual evaluation made it difficult to report 
significant results of studies on l arge numbers of patients. Both 
densitometry and colorimetry seemed promising approaches to permit 
better quantitation of the serum proteins located in each of the 
different protein fractions. 
In quantitation by use of densitometry, the paper strip con-
taining the stained proteins was passed betwean a light and a photo-
electric cell which generated an electrical signal. In unstained 
portions of the strip, a maximum amount of light reached the photocell 
which generated its maximum signal. In stained areas, lesser amounts 
of light reached the photocell, proportionately decreasing the signal. 
Thus, by recording the amount of light transmitted through the strip 
at intervals along the strip, a means was established for comparing 
amotu1ts of protein in .the various fractions. By making a graph of 
optical density, at points along the strip, versus distance along the 
strip and using a planimeter to measure the area under the curve 
corresponding to each fraction, the scientist was able to assign an 
area value to each fraction. The protein fractions were then assigned 
area percentages and it was possible to compare the protein distribu-
tion of one strip with the distribution of any other. 
In quantitation by use of colorimetry, the paper strip 
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containing stained proteins was cut up into ribb ons across the strip. 
Each ribbon was placed in a test tube containing a liquid in wluch the 
dye would dissolve. Thus the dye was eluted from the strip into the 
solution . The amount of dye in solution was determined using a color-
imeter. A gra.ph was then made of dye concentration versus distance 
along the strip and a record similar to that obtained f:rn r,1 densitometry 
was produced. Quantitation could again be made by planimetry and com-
parison of areas under the curve. 
Both densitometry and colorimetry were employed by scientists 
to evaluate strips and a great number of articles describing results 
were published in scientific journals. Unfortunately, many of the 
reports were contradictory and it was exceptional when two labora-
tories agreed upon data and ·fue interpretation of results. 
Research personnel at Specialized Instruments Company 
studied the variables in an electrophoresis determination. Their 
conclusion was that it was possible to obtain reproducible results, 
however, this required well designed equipment, carefully controlled 
conditions, adequately controlled paper and chemicals,and a technique 
based upon precisely defined conditions. The company embarked upon a 
program to develop a method and equipment to meet the needs of the 
clinician and as a result, announced the Spinco Model R Paper Electro-
phoresis System in the early months of 1954. The Model R System 
consisted of three basic instruments, an electrolytic cell in which 
to conduct separations, a regulated direct current power supply to 
apply current to the electrolytic cell and an automatic recording 
densitometer to scan and quantitate the stained protein on the filter 
7. 
paper strips. In addition, .Spinco made available all those special 
accessories, and supplies required to permit the customer to use the 
serum protein method precisely detailed in the operating instructions 
supplied with the equipment (Appendix II). Thus, the first complete 
paper electrophoresis system became available to scientists and a new 
opportunity for scientists to obtain reproducible results from 
different laboratories became a very real possibility. 
The Specialized Instruments Company instituted a carefully 
considered marketing plan for the Model R equipment which was based 
upon distribution through a small group of outstanding dealers. The 
introduction of the equipment was quite successful and initially, 
sales far exceeded the company's ability to produce. Once production 
I'Jas rolling, the supply quickly caught up with demand, and thi~, 
coupled with a decrease in orders, placed the firm in an undesirable 
position which could best be remedied by a new merchandising program. 
It is the purpose of t his report to study the company background, 
its policies, sales to date and potenti~l market, thereby, furnishing 
the basis for the development of a new merchandising program for the 
Model R.System. 
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Chapter I 
A History of the Spinco Division 
of Beckman Instruments, Incorporated 
The Specialized Instruments Company was formed in San Carlos, 
California by E. G. Pickels and M. C. Hanafin in May, 1946. After 
operation for about nine years as an independent company, the prin-
cipals sold the firm 1 s assets to Beckman Instruments, Incorporated 
and at that time, the organization was designated the Spinco Divi-
sion of the parent firm. 
M. C. Hanafin became interested in medical instruments 
early in his career, for one of his first positions was that of 
Production Manager for the Baumanometer Company, a firm in which 
several members of his family participated. This firm manufactured 
and sold instruments used by medical doctors for determining blood 
pressure. From production~ his interests turned to marketing and 
management. He subsequently participated in the ownership of several 
firms in the instrument field concentrating his efforts primarily on 
marketing and management. For a short time he was West Coast sales 
representative for the Ivan Sorvall Company which imported S?Tedish 
made l aboratory centrifuges. In 19hl, Hanafin founded the Glass En-
gineering Laboratories in San Carlos, California, and is still the 
principal stockholder of that company. In his field contact with 
Glass Engineering customers, he had observed that several were inter-
ested in building their own ul tracentri.fuges to the design published 
by E. G. Pickels, a member of the Rockefeller Foundation. In 1943, 
Hanafin took an order for one of these instruments and, subsequently, 
built the instrument and delivered it to the Hooper Foundation. At the 
end of World War II, Hanafin decided to go into the business of manu-
facturing ultracentrifuges. As a preparatory step he made a survey 
trip visiting those scientists who were leaders in the ultracentrifuge 
field. 
On the survey trip} Hanafin visited Pickels at the Rockefeller 
Foundation and interested him in the new venture. As a result, Fickels 
resigned after twelve years of work at the Rockefeller Foundation, and 
moved to California to become co-f ounder of a new instrument company. 
Pickels brought many years experience in ultracentrifuga-
tion to the new firm. He had first become interested in ultracentri-
fuges as a graduate student at University of Virginia. There, he 
s tudied under Professor Jesse Beams, then knovm as the world's fore-
most investigator of high speed rotating devi ces . Pi ckels received 
his PhD in physics from the University of Virginia in 1935~i- and then 
accepted an assistantship in the laboratories of the International 
Health Division of the Rockefeller Foundation . There he developed and 
built two air turbine ultracentrifuges as well as other scientific 
inst ruments. In 1936, Pickels became a staff member at the Foundation 
and his reputation as an outstanding scientist grew steadily during the 
ensuing ten years. 
In order to minimize the investment required t o start the 
company, Hanafin made a portion of the Glass Engineering Company 
facilities available for developmental work. Then, while Pickels 
*3, pp. 1515 
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devoted his efforts towards designing the world ' s first commercial 
ultracentrifuge, Hanafin contacted prospective customers and obtained 
orders for six instruments at $13,000 each. He requested and 
obtained $3,000 deposits from each of the customers, thereby 
supplying $18,000 worth of working capital for the firm. 
The original intent of the founders was to make a few air 
turbine ultracentrifuges, streamlining the design, however, by making 
an integrated instrument. Meanwhile, it was planned to develop an 
electrical drive to be used in later instruments. The air turbine 
had several disadvantages, for it was difficult to measure and control 
its speed precisely, it required a hug.e air compressor, and the tur-
bine had an ear-splitting whistle. The electrical drive was attrac-
tive because it obviated these problems . The development of the elec-
trical drive progressed so rapidly that it was decided that the new 
drive should be used in lieu of the air turbine in the very first 
instrument. Although production of the first instrument was somewhat 
delayed due to the development of the electrical drive, it was sub-
sequently established that the greatest contribution the firm made 
to the ultracentrifugation field was a practical electric motor 
high speed drive . 
A garage was used as the shop for assembly of the number 
one instrument. The story is still related about the spraying of the 
instrument with paint while a light breeze carried drops down the drive-
way to Hanafin's car which, thenceforth, featured polka dots. Unit one 
was completed in June, 1947, and shipped to Dr. Melvin Calvin's 
laboratory at the University of California. Dr. Calvin used the in-
strument for Rh blood factor studies. Although some persons had 
11 
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estimated the t otal world market for ultracentrifuges to be as few as 
6 instruments, the firm had sold approximately 225 instruments by 
January, 1956. A descriptive brochure on the Model E Eltracentri-
fuge is contained in Appendix III. 
The name Specialized Instruments Company was cho sen because 
i t was the intent of Hanafin and Pickels that t teir firm would develop 
highly speciali zed physical research equipment . The highly special-
ized approach was also used in the servicing and sales functions of 
the business. Pickels personally installed the first feV'I units, for 
the customer 's purchase price included installation. Service con-
tracts were made available to customers at nominal fees for service 
after installation. At this writing, over ninety percent of the ultra-
centrifuges shipped by the Company are currently under service con-
tract. Hanafin handled sales himself on a personal basis with the 
customer and became well known in the laboratories of scientists in 
the virus, protein and biological research fields . 
For advertising and promotion,the name Specialized Instru-
ments Company was too long to be useful, hence, the first two letters 
of each word were combined coining the trade name ''Spinco". Because 
the Company 's first instruments were 11 spinning11 centrifuges, 11Spinco11 
was an apt name and i t has become well known and respected in the 
scientific fields serviced by its products. 
In the year 1947, Spinco's billings were about $60,000 and 
the volume of business increased yearly at a rate of fifty to sixty 
percent per year, until, in 1954, the business grossed $1,500,000 in 
12 
sales. The problems in management and control also grew and the two 
partners agreed to share their ownership in the Company with others 
in order to attract, first, a capable production manager and, then, 
c:m outstanding design engineer. R. c. Shermund joined the Company 
as production nBnager and P. F. Scofield joined the firm as chief en-
gineer, both becoming stockholders in the Specialized Instruments 
Company. 
Profits from the sale of ultracentrifuges were invested 
in the development of a second product and in January of 1950, 
Spinco delivered its first Model L Preparative Ultracentrifuge. 
(See Appendix IV) The instrument was priced in the $3,500 area. 
The Company next developed the Model H Electrophorasis-Diffusion in-
strument and placed it on the market in May of 1953. (See Appen-
di x I) The Model H price was approximately ~~12,000. Both the 
Model L and Model H instruments were sold and serviced on the same 
basis as the Model E Ultracentrifuge. 
In April of 1954, the Specialized Instruments Company 
announced the Model R Paper Electrophoresis System. The announcement 
preceeded actual production by several months, thus} it was October 
of 1954 before the first shipments were made to customers. Because 
the Model R System market was a wide one, a dealer distribution 
program was developed, and a relationship established with a selected 
gr oup of outstanding dealers who covered the domestic market. 
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As Spinco forged ahead in its progr&m, interest in the Company 
came from others in the instrument field and the Spinco owners were 
approached on several occas i ons by groups interested in purchasing t he 
f i rm . Beckman Instr uments, Incorporated, of Fullerton, California, 
approached the Spinco owners in 1954 and negotiated with them. Agr ee-
ment was reached and, on December 31, 1954, the Specialized I nstrument s 
Company went out of existence and the assets of the Company became the 
pr operty of Beckman Instr uments, Inco r porated. The Beckman boar d of 
di rector s designat ed its new acquisition the :·''Spinco Division" and the 
new division was assigned the responsibility of becoming the medical 
instrumentation group for the corporation. All of the original 
11Spinco 11 owners continued on as pr incipals in the Spinco Division and, 
at this writing, they are all still performing creditable jobs in the 
Beckman organization. Because of the autonomous division philosophy 
of the Beckman management, Spinco has been per mitted to continue its 
business with the same general appr oach as it did before the acqui-
si t ion. 
14 
Chapter II 
The Development of 
the Model R System 
A. Facts Behind the Decision by Spinco to Enter 
the Paper Eleclrophoresis Field - --
To stimulate foreign sales of Spinco equipment Hanaf in 
made peri odic trips to foreign countries. In his cont 2 cts with 
potential customers of the Model H electrophoresis instrument he 
noted that there was a great deal of interest in the new field of 
paper electrophoresis. Particularly in Europe, interest was keen 
in the paper electrophoresis field and scientists were excited by 
the results being reported. Hanafin observed the simplicity of 
the apparatus, the low cost of operation and vndespread interest 
and recognized that here was the electrophoresis method which 
would be used by clinicians in the future . 
Upon his return to the United St ates, Hanafin interested 
the other owners in entering t he paper electrophoresis field, and a 
decision was made to develop new equipment which would meet t he needs 
of the customer. The rewards f or doing a good job in the develop-
ment would be the opportunity to become well established in the 
clinical market, which undoubtedl y encompas ses t he l argest number 
of potential customers in the medical instrument field. 
B. A Consultant is Retained and Customer Requirements 
Defined 
In reviewing papers published by smientists in the paper 
electrophoresis field, one contributor was decidedly outstanding. This 
15 
was Dr. E. L. Durrum, Chief of the Department of Pharmacology, 
Army Medical Service Graduate School, Walter Reed Army Medical 
Center, Washington, D. c. He was approached and became a con-
sultant to Spinco on paper electrophoresis. 
A study of the literature and visits to scientists re-
vealed some general problems: 
l. Most paper electrophoresis users were not 
aware of some of the important variables 
affecting results. 
2. A multitude of homemade and commercially 
available electrophoresis instruments were 
being used, each one with its own design 
limitations. 
3. A wide variety of chemical buffers and 
staining agents were being used in the 
multitude of chemical methods which had 
been developed. 
4. The scanning of strips was introducing 
errors because dye on paper does not give 
an optical density linear with dye concen-
trations. 
5. Paper electrophoresis was beginning to be 
discredited because of the conflicting re-
sults which had been reported. 
c. The Development Program 
To meet these five problems the Spinco management em-
barked upon a development program based on the following plan: 
1. The complete development would include in-
struments, accessories, supplies, chemicals 
and a detailed method for the separation 
and quantitation of serum proteins. 
2. The complete system would be offered to 
customers so that results could be guar-
anteed and the reproducibility of paper 
16 
electrophoresis established beyond doubt. 
· 3. The company would not publish normal and 
abnormal values to be expected when using 
the method, but would leave this to the 
medical profession. 
4. Each of the more than twenty variables in 
the entire method would be investigated 
and conditions chosen Which would make the 
results minimally affected by normal 
variations in timing, temperature and 
the like to be expected in the clinical 
laboratory. 
5. The system should be standardized using 
material available to all customers so 
that they could check their results. 
The research and development group went ahead with the pro-
gram, basing its work upon developments reported by Durrum.* The 
developments progressed, patents were sought and the development was 
ready for commercialization by April, 1954. 
D. The Products Resulting from the Development Program 
1. The Electrophoresis Cell 
The first item developed was the paper electrophoresis cell. 
Several different cell designs were considered including the flat bed,~H* 
hanging strip and glass sandwich. The hanging strip design of Durrum 
was chosen because it was easy to use, required a minimum of bench 
space and gave results as good as those from any other instrument. 
Pickels, Williams and Durrum collabor ated to improve Durrum's original 
design. A study of the variables indicated that some improvements 
were in order and the data and conclusions were published in an article 
*9, pp~ 274-290; 11, pp. 66-68 
**1, pp~ 349~372 
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in Science*. The various parts of the Spinco electrophoresis cell 
are shown in Figure 3. The cell cover and cell vessel": were con-
structed of Plexiglas, while the support stand and drying rack legs 
were Bakelite. The cover and vessel were made from sheet stock cut, 
formed and cemented at the joints. Instructions for using the cell 
are given on Pages 2 - 5 of the Spinco Model R Paper Electrophoresis 
System which is included in this report as Appendix II. 
2. The Sample Applicator 
An interesting problem arose in connection with the appli-
cation of the serum sample to the paper strip. To obtain parallel 
bands of the various fractions for scanning, it was necessary to apply 
the sample in a uniform stripe across the paper. The past accepted 
techniques were to draw a pipette across the paper while expelling 
sample or to allow the sample to fill the space between two glass 
slides which were then touched to the paper. Neither of these tech-
niques gave uniform, reproducible results, so Williams developed a 
new approach. The new sample striper consisted of two parallel stain-
less steel wires held in a small frame. The sample was placed be-
tween the wires, depending on the serum's surface tension to hold it 
in place. Surface tension also assured uniform distribution of the 
sample between the parallel wires. The steel wires and frame were 
held in a plastic housing which had a button at the top. The striper 
was so arranged that the housing could be placed over the strip and 
t hen, when properly positioned, the button could be depressed and the 
18 
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Figure 3. Spinco Ele ctrophoresis Cell 
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sample deposited on the paper. An illustration of the sample striper 
and directions for its use are located in Appendix II, Page 4 . The 
sample striper was patented and has outsold all other accessories for 
the Model R System by a wide margin. 
3. The Duostat Power Supply 
The next requirement was for a power supply to provide 
controlled direct current to the electrophoresis cell. Mbst early 
electrophoresis investigators used power supplies which gave a con-
stant voltage output. It was found that this was particularly advan-
tageous during mobility studies (the measurement of rate of migration 
under specified conditions). Durrum, however, reported* that vmere 
temperature varied, constant current gave more consistent migration 
in the type of open strip cell he had developed. It was concluded that 
the power supply provided by Spinco should allow the customer to select 
either a controlled constant voltage or a controlled constant curr ent. 
An electronic power supply was designed to fill the dual control re-
quirement and two output cords were attached so that the customer 
could operate two electrophoresis cells simultaneously. 
The name 11Duostat 11 was chosen for the power supply implying 
the fact that it gave two outputs which were static or constant. 
Both a description and illustration of the Duostat are contained in 
Appendix II, Pages 5 and 6, along with operating instructions. One 
problem often encountered with po·wer supplies is a design which 
makes it possible for a customer to accidentally touch live contacts 
*1, PP• 365-366 
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which have potentials in the 300 to 500 volt range. The Duostat ob-
viated this problem by using a 6 volt relay system which prevented 
any high voltage output until the outlet plugs were in place in the 
covered electrophoresis cells. 
4. Accessories, Supplies and Chemicals 
A group of accessory items, supplies and chemicals were 
developed including the following: 
a. A special sample pipette with rubber tubing and 
mouthpiece. 
b • . Special plastic trays with covers for the dyeing 
and rinsing steps. 
c. A special stainless steel rack for holding the paper 
strips in the dyeing and rinsing trays. 
d. A transfer rack for holding the paper strips in the 
drying oven. 
e. A special funnel to direct buffer over the paper 
strips when setting up the electrophoresis cell 
for a determination. 
f. Filter paper wicks, used in the electrophoresis 
cell t o carry buffer, by osmosis, to the ends 
of the filter paper strips. 
g. Filter paper strips, used as the medium in which 
the zonal separation took place. 
h. Blotters for drying the strips after rinsing. 
i. Fixative, dye and buffer in special packets vdth 
a measured quantity of each chemical sufficient 
for one determination. 
j. Special file folders which held eight strips and 
the scanning record conveniently for filing. 
k. Special chart paper for the record of density 
made by the Analytrol scanner and integrator. 
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5. The Analytrol Scanner and Integrator 
The final development was the automatic scanner and in-
tegrator "Which was aptly named the 11Analytrol". :F'igure 4 is an 
operating view of the Analytrol showing a typical recording of the 
density of a stained paper electrophoresis strip. The Analytrol 
consisted of: 
a. A recording photometer which utilized the 
light transmitted through the paper strips 
to drive a recording pen.By means of a function 
converting cam, the signal was corrected for 
deviations from linearity of .the density-
concentration curve so that a curve linear 
in concentration was drawn. 
b. A mechanical drive s.ystem which carried the 
paper strip continuously between the light 
source and the measuring photocell. A 
second mechanical drive system for driving 
a sheet of graph paper at the same speed as 
the paper strip so that the density curve 
could be recorded. 
c. A mechanical integrator which continuously 
recorded the area beneath the density curve 
by a second pen which drew "pips" below the 
density curve. Each pip was equal to 0.1 
square centimeters of area. After scanning, 
the user needed only to compare the number of 
11 pips 11 beneath the .various components of the 
mixture to obtain the relative concentrations 
of the various components. 
The Analytrol was the most costly element of the Model R 
System and represented approximately seventy percent of the selling 
price of a complete system. The tremendous savings in time permitted 
by use of the itllalytrol, plus the advantage of simultaneous integra-
tion, made it a very appealing instrument in spite of its relatively 
high price. Figure 5 shows the interpretation of a typical Analytrol 
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Figure 4. Operating View of the Spinco A_nalytrol 
REMARKS: FILTERS RUN No ____ _ 
SLIT WI DTH~--- _ STR IP No. ___ _ 
CAM No. _ _ DATE ____ _ 
SAMPLE _ --- _____ ----- _ 
11 
albumin 139 55 10 
"'1 10 4 ' 0 
az 23 9 i p 44 17 
on 
'7' 38 15 a: 
.. 
... 
.. 
::E 
;:: 
z 
.. 
u 
0 1 l 3 4 
l
i!llili!l\'lilli:'l'll!lljj1111 ;'1[1;. ,·::" 
'
1•1'"1li''·;lll ljl Ill 
. I[" "· P :II... . .. :.d I . - -;;t- ---1--r --+--r.,_, .... .,_;-..,_,;.,.-.~tr-...... ll-'++-r- *':lr:,.ooo+o...,.'-+--+---741'--'-f 
SPINCO CHART SHEET 300 • 5.42 
Figure 5. Interpretation of an Analytrol Trace 
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record from scanning a stained serum protein electrophoresis strip. 
A more complete description of the Analytrol, plus operating in-
structions for the instrument are contained in Appendix II, 
Pages 8 - 16. 
Merchandising Plan 
A~ Market Status in April, 19.54 
By April, 19.54, there was a great deal of interest in the 
paper electrophoresis field in the United States. Although domestic 
interest lagged somewhat behind European interest, a great number of 
research workers had either constructed their own apparatus or 
purchased one of those commercially available. The use of paper 
electrophoresis was, for the most part, confined to medical research 
,.,,...,..Jro.,.., ud +.h vAT""~r f'Aw ~1inir.al labor.qt,ories usiDQ this new method 
Chapter III 
The Model R System 
Merchandising Plan 
A. Market Status in April, 1954 
By April, 1954, there was a great deal of interest in the 
paper electrophoresis field in the United States. Although domestic 
interest lagged somewhat behind European interest, a great number of 
research workers had either constructed their own apparatus or 
purchased one of those commercially available. The use of paper 
electrophoresis was, for the most part, confined to medical research 
workers, with very few clinical laboratories using this new method 
of analysis • 
There were no commercially available automatic scanning 
instruments for analyzing stained paper strips, and workers who 
wished to have such devices had to develop their own. A typical 
"user designed" recordingand integrating scanner is illustrated in 
the book on paper electrophoresis authored by Block, Durrum and 
Z . * we~g. The cost of such a homemade scanner amounted to over 
$3,000 not including the scientist's time consumed in design, building, 
testing and the like. The fact that a group doing a large paper 
electrophoretic study would expend the time, energy and money nee-
essary to build an automatic scanner testifies to the great saving 
*1, PP• 395 
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in time which accrues when using such an instrument. 
As previously stated, the medical journals were being 
flooded, at this time, with articles describing paper electrophoresis 
experiments. Many of these articles gave conflicting results and as 
a consequence the paper electrophesis technique was beginning to be 
questioned from a reliability standpoint. Many of the scientific 
reports failed to specify exact operating conditions, while others 
used equipment which was inadequate. 
Several manufacturers were marketing paper electrophoresis 
instruments in the United States, however, no firm in particular, had 
gained greater acceptance than others . Dealers in the laboratory 
apparatus field were split, in that about half of the major companies 
were distributing electrophoresis equipment while half had not yet 
committed themselves on electrophoresis equipment . No firm had yet 
entered the field with a complete system of equipment, nor had any 
firm offered a recording and integrating densitometer. 
B. The Basis for Selecting ~ Dealer Distribution Program 
The basi:c direction of the Model R merchandising program 
was wholly dependent upon the type of distribution channel which was 
to be used. Spinco had sold its research instruments directly to 
the customer and this technique had been highly successful.. However, 
the market for the Model R paper electrophoresis system appeared to 
be quite different from the market for the Model E, 1 and H research 
instruments. It was true that many of the research scientists in the 
biological and biochemical research fields would be interested in 
paper electrophoresis, but this market was small compared t o the 
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}JOspital clinical laboratory and private clinical laboratory markets. 
The Model R system had been particularly designed for use by tech-
nicians at t he clinical laboratory level. Secondarily, it was felt 
that other applications would develop which would eventually require 
coverage in the industrial laboratory market. The unit price of the 
Model R system v-1as in the ~~. 1,.500 area, whereas the other Spinco in-
struments sold for from ~~.5 ,000 to ~~16,000. The smaller unit price 
and l a ck of a broad clinical instrument line made the direct sales 
approach inadvisable. Further, the Spinco name, although well known 
in Medical research circles, had not established acceptance in the 
clinical or industrial field. Finally, to embark upon a direct sales 
program ·would require a considerable investment in additional sales 
and service personnel, training and relocation. 
1. Advantages of ~ Dealer Distribution Program 
Use of the existing laboratory apparatus dealer organiza-
tio~ appeared to an attractive alternative for it would render these 
advantages: 
a. Representation in the medical research, cl inical 
and industrial fields. 
b. A minimum of invest:rrent in sales and service 
personnel. 
c. An excellent means for introducing the Spinco 
name to the clinical and industrial markets. 
d. Coverage of small accounts that a direct 
sales representative could not afford to 
cover. 
e. Elimination of potential dealer competition 
by supplying them with a salable product 
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covering their customer's needs. 
f. An opportunity to avoid the "nickel and 
dime" replacement chemical and supply 
business. The dealer is well set up to 
service the customer on small orders, but 
Spinco was not. 
2. Disadvantages of ~ Dealer Distribution Program 
The disadvantages of the dealer sales program were: 
a. Loss of direct contact vdth the customer. 
b. The higher price which the dealer discount 
necessitated. 
c. The possible loss of the specialized selling 
approach which had been a feature of Spinco's 
merchandising efforts. 
The advantages of dealer distribution appeared to con-
siderably outweigh the disadvantages, so a decision was made to go into 
a dealer pistribution program. 
C. The Spinco Approach to Dealer Distribution 
In order to minimize the disadvantages of the dealer arrange-
ment, the decision was made to select a small group of outstanding 
dealers, train them well and channel all sales through them. Under 
such a plan, the dealer would have a minimum of competition and he 
would be able to enjoy the order when he generated the sale. Thus, 
there would be a very real incentive to feature the Spinco Model R 
equipment and to learn to do an effective selling job. 
The next decision was to determine which dealers should be 
selected to participate in the Model R System merchandising program. 
The basic factors considered in this decision were as follows: 
1. overall geographic coverage throughout the 
United States. 
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2. Representation covering the medical research, 
clinical and industrial laboratories. 
3. Dealers whose reputations for alert opera-
tion, integrity and aggressive coverage were 
well known. 
4. Firms which were not already heavily com-
ro.itted to represent other manufacturers in 
the paper electrophoresis field. 
The following dealers were selected as providing the 
smallest group which satisfied the above objectives, W. H. Curtin 
Company, Fisher Scientific Company, Scientific Products Division of 
American Hospital Supply Corporation, and Van Waters and Rogers Company. 
The various stock carrying branches of these companies are listed in 
Table I. .A study of the branch locations shows general area coverage 
throughout the United States with a small measure of competition in 
most areas. In general, the Scientific Products Division was chosen 
for its coverage of clinical laboratories and the other firms for 
their medical research and industrial laborato~ coverage. 
Finally, the terms of t he dealer franchise agreement should be 
a verbal one contracted with the principals of the firms selected. The 
basis of the franchise offer was that the dealer would feature the Spinco 
Model R System in his catalog, advertising, sales calls and trade show 
exhibits. In return for this promotional effort, the dealer would have 
the protection of limited competition from other dealers. The fran-
chised dealers were requested to offer the Model R equipment at list 
price only, not offering courtesy or trade discounts to other dealers 
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in the field. 
D. Implementation of the Dealer Distribution Plan 
Hanafin visited the home o~fice of each of the selected 
distributors , taking a sample electrophoresis cell with him. He 
presented the equipment and its field of application and then the 
franchise proposal. In some instances, the dealer principals asked 
Hanafin to talk with medical consultants who were experts in the field.. 
As a result of the trip, all four companies decided to 
accept the franchise offer and placed orders for the Model R equipment~ . 
One very basic consideration which the dealers explored was prices 
and discounts. This subject is covered in detail in the next chapter. 
It suffices to say here that the prices and discounts offered were 
attractive to all the concerned dealers. 
The Model R System had its first public showing at the 
Federation of American Societies for Experimental Biology meeting in 
Apri l of 1954 at Atlantic City, New Jersey. The equipment was ex-
hi bited in the Fisher Scientific Company booth. A brochure was de-
veloped describing the equipment and a full page advertisement pre-
pared and space contracted in trade journals. Hanafin hired a new 
salesman to organize and execute the merchandising program both in the 
home office and out in the field. The ne:w man gave talks to deal er 
salesmen, made customer calls with them and worked with their per-
sonnel at trade shows where the Model R System was displayed. 
As a result of these efforts, and a very real need for the 
equipment, orders rolled in and the market quickly began to develop. 
During the t wo years following introduction, approximately 
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300 Model R Systems were sold. The sales pattern during this period 
was typical of many new products in that initial orders came in at a 
rapidly increasing rate, reaching a peak after about one year and then 
tapering off to a minimum about four months later. The project herein 
reported was undertaken to develop data which would indicate the 
extent of penetration in the various markets so that a renewed mer-
chandising effort could be directed toward markets offering the greatest 
potential 
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Chapter IV 
Packaging of the Model R System 
A. An Outline of the Packaging Problem 
As soon as the decision was made that the Model R System was 
to be sold through dealers, a group of problems concerned with packaging 
and pricing could be considered. The broad concept upon which the de-
velopment of the Spinco Model R System was based, was to offer the 
customer the opportunity to purchase a complete system of instruments, 
accessories, supplies and chemicals which would provide him with con-
sistent, reproducible serum protein analyses using paper electro-
phoresis. 
Because of the many instruments, accessories, supplies and 
chemicals necessary to perform a paper electrophoresis determination, 
certain fundamental decisions had to be made in connection with the 
sale of these items. These decisions had to do with what items would 
or would not be offered, what items would be included in the initial 
equipment, what items would be packaged individually and what items 
grouped, what items would be offered as replacements, how would the 
units be packed and what would be the pricing policy? 
B. Instruments to be Offered 
The instruments required to perform a serum protein 
determination may be listed as follows: 
1. A small centrifuge 
2. An electrophoresis cell 
3. A controlled, direct current power supply 
4.. An oven controlled at a temperature of 120 to 130° c. 
5. A colorimeter or densitometer 
6. A timer 
Of these items, it was concluded that nea~ly all medical research 
and clinical l aboratories had adequate centrifuges, ovens, timers and 
colorimeters and those that had none could select an appropriate item 
from the dealer 1 s regular line. It was deemed necessary to offer the 
cell, power supply and densitometer. Inasmuch as a customer might use 
any one, two or three of these instruments, it was determined that 
they should be offered as individual items as well as elements in the 
complete Model R System. 
C. Accessories to be offered 
The accessory items required were as follows: 
1. Graduate, 100 ml. 
2. Centrifuge tube 
3. Sample pipettes with rubber tube and mouthpiece 
(8 ea.) 
4.. Sample applicator 
5. Beaker, 100 ml. 
6. Dyeing and rinsing trays with covers (4 ea.) 
7. Transfer rack for holding strips in oven 
8. Rack for holding strips in dyeing and rinsing 
trays 
9. A special funnel 
Inasmuch as most laboratories have graduates, centrifuge 
tUbes, and beakers and those that do not could easily select the de-
sired type from the dealer 1s regular line, it was decided that these 
would not be furnished with the Model R System. In laboratories with 
a heavy work load, it was impractical to keep the electrophoresis cell 
out of use while its folding rack was used to hold the paper strips 
during the drying step. Rather than force the customer to purchase a 
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second folding rack, Spinco offered a l ess expensive "transfer rack" 
which could hold the paper strips during the drying step. It was de-
cided that the transfer rack should not be suppli ed wLth the system, 
but should be made available as an accessory item. The remaining 
items were to be supplied as elements in the complete system. 
D. Supplies and Chemicals to be Offered 
The supply and chemical items which were used in each 
operation of the system were as follows: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
B. 
9. 
10. 
11. 
12. 
Filter paper wicks (2 per cell per run) 
Filter paper strips (8 per cell per run) 
Blotters (2 per run) 
Fixative (4.5 gm. per run) 
Dye mixture (31.1 gm. per run) 
Buffer (17.16 gm. per 2 runs) 
Acetic acid (3 liters 5% acetic acid per 2 runs) 
(l liter 10% acetic acid per 1 run) 
Ammonium hydroxide (10-15 drops of 30% NH3) 
Distilled water (1 liter per 2 runs) 
Chart paper (8 sheets per run) 
Ethyl alcohol (50 ml. of 95% alcohol) 
File folder for strips (1 folder holds 8 strips) 
Since clinical laboratories normally have acetic acid, ammonium 
hydroxide, distilled water and ethyl alcohol, or can easily obtain 
t hes e items from a local dealer, they were not included in the Model R 
System. 
The filter paper wicks were supplied cut to the proper size 
and packed 50 in a box. The filter paper strips were supplied cut to 
the proper size and packed 200 to a box. These quantities were ade-
quate for 25 · complete operations of the system. Boxes of blotters (50 
per box) and chart paper (100 per box) were also made available. In-
asmuch as the chart paper was used with the .~alytrol only, one box 
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of chart paper was packed with the Analytrol and boxes were also sold 
as supply items. File folders to hold eight strips and the related 
charts were designed and 25 included in a package. One package was 
included in the original equipment and they were also made available as 
supply items. Where practical, the number of items in a box was 
sufficient for 25 cell operations. This was not true of the Analytrol 
chart paper and the reason it was supplied 100 sheets per box was 
that the chart manufacturer supplied i t this way and, therefore, it 
saved the added expense of repackaging. 
Sufficient buffer to conduct one serum protein determination 
was sealed in a moistureproof foil packet and twelve packets placed in 
a box. Fixative and dye were similarly sealed in packets which were 
packaged twelve per box. One box of each type of chemical was 
supplied in the initial equipment and the three chemicals were also 
offered as supply items . The company published the chemical formulas 
and weights in the instruction book, so that in theevent the customer 
should wish to check quality, or weigh out their own from bulk quan-
tities, they could easily do so. Spinco 1 s philosophy here was that 
the company was primarily interested in selling instrwnents, and chemi-
cals were offered merely to make it easier to sell instruments. In 
line with this philosophy, Hanafin arranged with the Chemicals Di-
vision of Fisher Scientific Company (one of Spinco 1 s dealers) to 
package the required chemicals to Spinco 1 s specification. The orig-
inal arrangement provided that Fisher could sell chemicals to any 
dealer representing Spinco. This arrangement would relieve Spinco of 
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handling replacement chemicals and perrnit the chemicals to pass 
t,hrough a minimum of hands before reaching the customer. After a 
period of time using the agreed-upon arrangement, Spinco received many 
complaints from customers about poor results. The problem was traced 
to chemicals which did not meet specifications. As a result, Spinco 
renegotiated vath the supplier to ship all chemicals to Spinco so 
that adequate quality checks could be made. Once the new policy was 
adopted, the inspection caused rejection of many substandard batches, 
but as time passed, quality steadily improved until it was no longer 
a problem. 
E. Items to be Included in the Complete Model ~ System 
To make it as easy as possible for the customer to order a 
Model R System, several catalog numbers were assigned to two basic 
groups of equipment. For customers who wished to begin on a minimal 
basis, the Iviodel R System for single-cell operation was offered, but 
for those who must accomodate a heavier work load, the two-cell system 
was made available. 
Items included in the two systems were as follows: 
Units for 
One Cell 
System 
l 
l 
l 
l 
Units for 
Two Cell 
System 
2 300-821 Auxiliary Equipment Set 
1 300-100 Duostat Power Supply 
2 300-000 Cell, paper strip electrophoresis 
l 300-300 Analytrol 
By specifying a catalog number for one of these systems, the customer 
was purchasing more than thirty different items. Thus, the customer 
was relieved of developing specifications and locating sources for 
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these many items and was happy to purchase the complete package. Cat-
alog nQmbers had to be assigned for both 115 volt AC operation and 
230 volt AC operation inasmuch as transformers had to be supplied for 
the Analytrol and Duostat when operated from 230 volts. 
F. Packaging ~ Complete Model ~System 
Packcging of the Model R System equipment was a somewhat 
challenging problem. First, the decision to be reached was whether 
the entire ·Model R System should be placed in one container or split 
up into several. The advantages and disadvantages of a single con-
tainer approach were as follows: 
Advantages 
1. Requires simple shipping instructions. 
2. Requires shipping labels for only one container. 
3. Item is normally shipped complete from dealer's 
stock with no items missing. 
Disadvantages 
1. Container too large and heavy for one man to 
handle. 
2. Various components are not available for or-
ders calling for individual items, necessi-
tating excess dealer inventory. 
3. An adequate, large-size container is expensive. 
The disadvantages seemed to outweigh the advantages so that it was con-
eluded that Analytrols, Duostats, Cells and equipment sets would each 
be packaged in separate, corrugated cardboard boxes. Because of the 
long distance over which most items traveled before reaching the customer, 
it was felt necessary to use two outer containers, one of which tele-
seeped inside the other. So that a dealer could ship a "like-new11 
package, a third box was used by the factory which could be removed in 
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the dealer's warehouse prior to shipment to the customer. This system, 
although expensive, proved to be very worthwhile. 
G. Analytrol Packing 
Specific problems encountered with packing the Analytrol 
centered around the complicated natur e of the instrument. At first, 
all of the loose accessories were removed from the instrument, packed 
securely in a small box and packed next to the Analytrol in its carton. 
Although the instructions supplied with the instrument described how 
the accessories were installed, customers f ound it diffi cult to get the 
ac cessories properly installed and made many calls for help to the 
dealers and to Spinco. As a result, the loose accessories were taped 
in place in the instrument with white tape bearing the words "Remove 
Tape Before Using". This decreased customer complaints, but one 
particular part was frequently damaged in shipment. The final arrange-
ment was that all accessories were shipped taped in place except the 
one frequently damaged, which part was removed, ?~apped and inserted 
next to the Analytrol in the container. A red tag was fastened to the 
electrical plug of the instrument warning the customer that it was to 
be used on 115 volt AC current only. One set of complete Model R 
' System instructions were included with each Analytrol. Instruments 
were indivi dually numbered in sequence beginning with Number 1. 
H. Duostat Packing 
The Duostat provided no particular shipping problems and the 
three-carton approach and red tag on the electrical plug were used 
here as well as on the Analytrol. Again, the instruments were 
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seriall y numbered and a complete Model R S;ystem instruction book was 
provided with the instrument. 
I. Electrophoresis Cell Packing 
The paper electrophoresis cell provided a real challenge 
to the engineers because of the brittle nature of the Plexiglas used 
i n fabrication. Considerable damage occurred during shipment of the 
early cells and this was substantially cut down by continual im-
provement in packing . Here again, triple cartons were used and a 
complete set of Model R instructions supplied. The cells were not 
serially numbered, but bore a letter designation which was changed at 
any time there was a design change in the cell. 
J. Auxiliary Equipment Packing 
I ndividual items in the auxiliary equipment set were p1aced 
in special boxes made to size for each item. The boxes were covered 
in an attractive slate grey paper imprinted in bright red ink~ Each 
box had "Spinco Model R Paper Electrophoresis System" in large letters, 
then the catalog number and item description. The various items were 
placed in a suitable cardboard container with two more telescoping 
outer boxes. All of the cardboard containers were imprinted with the 
company's name and address in red. Again, a set of instructions were 
included in the box. 
K. General Comments ~ Packing 
The fact that a customer purchasing a complete Model R 
System received at least four copies of the instructions was not 
termed an extravagance. Most laboratory customers prefer at least 
two copies of instructions and were very happy to receive more. Spinco 
felt, too, that customers buying only part of the system would receive 
the complete instructions, become impressed with the other items and 
be tempted to purchase them. 
From time to time, improvements in technique and conditions 
have been made in the Model R System and in most instances small printed 
messages have been prepared for the customer. One very effective 
method for reaching the customers >uth the new information has been to 
include the message in the boxes of chemicals and supplies. Sooner 
or later, customers purchase new supplies and receive the information. 
One packaging problem which has not yet been solved is that 
encountered when a dealer or customer wishes to return a used in-
strument to the factory for r epair. Because of their limited ex-
perience with packing the equipment, and lack of proper supplies, 
instruments often arrive at the factory with extensive shipping damage. 
The problem is being studied and two approaches appear promising . One 
is to send the customer detailed packing instructions, and the second 
is to offer a series of special containers with instructions to be 
sent to any customer interested in returning Model R instruments for 
service. 
Although certain customers have criticized Spinco for trying 
to put over a "package deal!', the vast majority have been pleased at 
the integrated system approach. To minimize criticism, Spinco has 
made all items available, individually, and has carefully given com-
plete specifications for all supplies and chemicals in the instruction 
book. In general, the packaging described has been quite satisfactory 
and no major problems exist at this writing in connection with the 
packaging of outgoing shipments of Model R equipment. 
Chapter V 
Pricing Policies 
A. Spinco Pricing Policies 
Pricing is one of the most important phases of management 
and at Spinco this function was completely controlled by Hanafin. 
Although sales personnel obtained cost information and made price 
recommendations, no one was authorized to place a new price into 
effect without the manager's approval. Thus, the price situation 
was well contr olled, the policy of administration was uniform and 
the person responsible f or the company's profit also controlled 
prices. 
Several basic policies were existent at Spinco prior to 
the introduction of the Model R System and these policies were also 
applied to the Model R equipment. First, even though the company 
sold ultracentrifuges to foreign dealers at prices less than they 
sold instruments to domestic customers, there were not two different 
published prices. There was a single consumer price established and 
published for each item and, then, where a dealer was concerned, he 
was given an appropriate trade discount. With a single published 
price, the possibilities of errors in quoting and pricing were re-
duced to an absolute minimum. Secondly, the order system was de-
signed so that no prices appeared on order copies sent to production. 
Thus, there was no occasion for production personnel to discuss pricing 
policies and become concerned with, what might appear to a shipping 
clerk, an abnormal profit. The third established policy was to have a 
simpl e formula for discounts so that the policy was easily understood 
and pricing would be simplified. 
B. Establishing the Dealer Discount Policy 
The first step in establishing a price structure for the 
Model R equipment was to determine what discounts should be made 
available to the dealer. In general, a dealer discount had to be 
chosen which would allow the dealer to enjoy a legitimate profit, but 
the discount had to be reasonable to avoid customer price resistance . 
Industry figures indicated that dealers in the laboratory apparatus 
field had an overall operating cost in the area of 25 to 29 percent of 
net sales. Of course, this was an average figure for all orders,and 
costs varied considerably depending upon the dollar value of the order, 
packing costs , turnover, storage costs, shipping costs and the like. 
In general, instruments are higher priced, making the order value 
higher and the major packing costs are incurred by the factory. Some 
instruments require considerable servicing by the dealers, so this, too, 
is a factor. 
The policy established by Spinco was that dealer purchases 
of complete systems or individual i nstruments would be afforded a 
t hirty percent discount. Inasmuch as the auxiliary equipment set was 
included i n the Model R System, it was included in tre thirty p:nxent 
category when sold separately. There was no additional discount avail-
able for quantity purchases by the dealer. 
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Dealer purchases of chemicals, supplies and replacement 
parts were accepted with a forty percent discount. Thus, these lower 
dollar value items could be s t ocked and sold by the dealer at a reason-
able profit. Spinco policy was designed to make the replacement part 
and supply business attractive to the dealer so that he would carry 
an adequate stock and take good care of the customer. 
The discount policy was accepted as fair by the dealers, 
but at least one of the larger dealers expressed the opinion that 
incentives for quantity purchases would make the line more attrqctive. 
c. Pricing of the Various Components of the Model !!_ System 
Once the discount policies were established, it was possible 
to establish list prices for the various items. When the Analytrol 
was considered, it soon became apparent that if1he instrument were 
priced to give a normal profit, then the price would be so high that 
it might very well never be purchased. Thus, the price was lowered 
so that there was just a minimal profit in expectation that as the 
· instrument became well accepted, its price would be slowly increased. 
The price of the cell and Duostat were established so that they gave 
a normal profit. The auxiliary equipment set was priced about ten 
percent below the total price obtained when prices of the individual 
items were added together. Thus, there was an incentive to the 
customer to buy the set rather than a selection of the individual 
items. Of course, the lower dealer discount on the equipment set 
(thirty percent rather than forty on the individual items) permitted 
Spinco to obtain the same net on the items whether sold in the set or 
separately. 
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On those equipment items manufactured by Spinco, a normal 
mark-up was used, however on the supply items and chemicals the situa-
tion was handled quite different~. Here the only costs involved were 
charges from an outside suppli er, shipping charges, ins~ction costs, 
storage costs and handling costs. Also, the customer could easily 
compare bulk chemical and paper prices to d~termine if it was more 
attractive financially for him to prepare his own chemicals and paper. 
In view of these factors, it was decided that Spinco would price 
chemicals and supplies so that its return would merely cover the handling 
costs . Thus, the supply business was by design a service to the customer 
without profit by the Company. 
D. Terms of Sale 
In order to clarify the terms upon which Spinco sold the 
Model R System to dealers, a statement was issued entitled "Conditions 
of Sale to Franchised Dealers" (a copy of this statement is located on 
Page48). To assist the dealers to form resale policies, another state-
ment was prepared entitled "Suggested Resale Terms for Spinco Division 
Products" (a copy of this is located on Page 49). 
The pricing plan outlined above was very effective and 
permitted Spinco to show a legitimate profit on the overall Model R 
System sales. 
ORDERS 
eCknl an~·, Instruments, Inc. 
Spinco Division BELMoNT. cALIFORNIA. 
CONDITIONS OF SALE TO FRANCHISED DEALERS 
Effective June 15, 1956 
1. Dealer orders are accepted for invoicing at prices in effect at the time of shipment. 
2. Dealer orders are subject to a minimum billing charge of $10.00. 
3. All prices and discounts are subject to change without notice. 
4. Dealer orders are not subject to cancellation, however, changes may be arranged by negotiation with 
Spinco Division. 
5. Shipping estimates made at the time of order acceptance are made to assist dealer personnel, however, 
Spinco Division of Beckman Instruments, Inc., assumes no liability for loss, or consequential damages 
due to delays. 
SHIPMENTS 
1. All shipments are made f.o.b. Belmont, California. Where questions arise concerning suitability of car-
riers for handling specific instrwnents, the results of our experience should govern the choice. 
2. All shipments will be insured and the dealer is expected to bear this expense. All claims for breakage 
and damage, except on parcel post shipment, should be made by the dealer to the carrier, but Spinco 
Division will render all possible assistance in securing satisfactory adjustment of such claims. Claims 
against parcel post shipments should be communicated immediately to the factory for adjustments. 
3. The cost of packing for domestic shipment is included in quoted prices. Where special domestic or 
export packing is specified a charge may be necessary to cover additional expense. 
TERMS OF PAYMENT 
1. Terms of payment are net 30 days from the date of invoice. 
RETURNS 
1. Written consent must be obtained from Spinco Division before goods may be returned for credit. The 
amount of the credit will be determined after inspection of the goods at the factory. 
2. To qualify for the provisions of the Spinco Division Warranty, products returned by the dealer must 
be accompanied by a detailed report of the customer's complaint. 
3. Spinco Division does not accept trade-ins and no provisions are made for the return of used Spinco 
Products. 
DEALER DISCOUNTS 
1. Discounts are uniform to all dealers franchised to distribute a given Spinco product and are in accord-
ance with the discounts shown in Spinco Division quotations and invoices. 
2. Dealer orders specifying shipment direct from the Spinco factory to the consumer will carry a maximum 
discount of 15 percent. Upon written request, exceptions to this provision will be made, where con-
sumer Quantity Discounts are involved, or where circumstances are such that the best interests of both 
the consumer and Spinco Division are served. 
3. Consumer Quantity Discounts are offered by the dealer from his commission on consumer requirements 
only. Dealer orders to Spinco Division are not subject to Consumer Quantity Discounts. 
4. A discount of 15 percent is offered to dealers on parts and labor where service work is performed in 
a Spinco Division Factory Repair Facility. 
(over) 
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ec n1 an~·~ Instruments, Inc. 
Spinco Division BELMONT. cALIFORNIA. 
SUGGESTED RESALE TERMS FOR SPINCO DIVISION PRODUCTS 
Effective June 15, 1956 
TERMS OF SALE 
1. Net list prices only are to be quoted. Neither discounts nor benefits m any form are to be given to 
customers for early cash payment. 
2. The use of any statement making the sale of Spinco Division Products contingent upon the sale of 
another's products is not authorized. 
3. All quotations on standard instnunents are to include all standard accessories as listed with the instru-
ment in the applicable price schedule, unless specifically excluded in the quotation request. 
4. Dealers are advised against quoting firm prices for in excess of thirty days without first checking with 
the factory. 
CONSUMER QUANTITY DISCOUNTS 
1. Consumer quantity discounts may only be offered in accordance with the quantities stated in the price 
list, which applies to the product. 
2. Consumer quantity discounts are conditional discounts, and the conditions under which they apply are to 
be stated on quotation requests where applicable. 
3. Consumer quantity discounts only apply to single orders (or a group of orders received at one time) 
originating from a single purchaser or institution and permitting one shipment of all items. 
OTHER RESALE DISCOUNTS 
1. No educational, professional, export agent or other "class" discounts are authorized. 
RESALE TO OTHER DEALERS 
1. No discounts, accommodation or otherwise are authorized to other dealers or sub-dealers. 
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Chapter VI 
Competitive Instruments 
In general there was no manufacturer in tbe instrument field 
who had a paper electrophoresis system which was competitive to the 
Spinco Model R System. 
Various manufacturers made items which competed with one or 
two items in the rllodel R System. Precision Scientific Company in 
Chicago, Illinois manufactured an instrument known as the "Ionograph" 
-which was a flat bed paper electrophoresis cell with a built in power 
supply . Although t he instrument could be used satisfactorily for 
research work, it was too bulk-y- and inconvenient to be practical f or 
routine clinical work. 
Other manufacturers made manual densitometers similar to the 
one shovm in the Photovolt advertisement in Figure 6. The Welch 
11Densichron" was similar to the illustrated Photovolt densitometer and 
both instruments sold in the ~~ 250 to $350 range. These manual dens-
.itometers, although one fourth the price of the Analytrol, were not 
as functional for the following reasons: 
1. They were manual and required 15 to 20 minutes 
to make a scan rather than 4 minutes as with 
the Analytrol. 
2. The instruments made no correction for the 
deviation from linearity of the dye con-
centration versus optical density. To make 
a point-by-point correction after scanning 
was very time consuming . 
3. There was no integration performed dlrring 
scanning necessitating l ater planimetry or 
some other method of integration. 
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PHOTOVOLT Densitometer 
fOr Partition Chromatography 
and Paper Electrophoresis 
A photoelectric precision instrument for the rapid 
and convenient evaluation of strips and sheets 
of filter paper in partition chromatography and 
paper electrophoresis. 
Write for Bullet.in # 800 fo 
95 Madison Avenue 
Also 
· New Yor,k 16, N. Y. 
Colorimeters 
Fluorimeters 
Nephelometers I pH meters I Reflection Meters Gloss meters Electronic Photometers Multiplier Photometers . Interference Filters 
Figure 6. A Typical Manual Densi tometer 
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The one firm which came closest to offering a group of 
equipment which competed with the Model R System was the Arthur H. Thomas, 
Company of Philadelphia, Pennsylvania. 
products are on Pages 53, 54, and 55. 
Descriptive sheets on this firm's 
In general, the Thomas Company 
had not developed a complete s erum protein method and consequently pre-
sented only a partially complete system. Wussing from the equipment 
were such items as a sample striper, dyeing and rinsing trays, racks 
for holding the strips during dyeing and rinsing, and file folders. 
The electrophoresis cell presented by Thomas was a horizontal 
bed, open strip cell which could accommodate up to four strips li inches 
wide . Thus, the capacity of the Thomas cell was half that of the 
Model R cell. There were no provisions for wicks to improve resolution 
and the baffling system to isolate electrode products was not as effi-
cient as that in the Ivodel R cell. The cover of t he cell was gl ass 
and, therefore, could easily be broken. 
The Thomas power supply was a unit which rectified alter-
nating current and permitted the user to select a desired voltage of 
direct current output. Once a voltage was selected, there was no 
regulation to compensate for line voltage fluctuations. The Model R 
Duostat provided a choice of regulated direct current output on 
either constant current or constant voltage. As soon as t he cell was 
discon~ected, the low-voltage relay safety circuit used on the Duostat 
adequately protected the user against shock; however, it was possible 
with the Thomas power supply to produce a high-voltage at the output 
connections after the cell was disconnected. Finally, the output range 
of the Thomas power supply was about half the output of the Duostat. 
E"L E C T R 0 P H 0 R E S I S 
APPARATUS 
PAPER STRIP MODEL 
Ill> With recessed safety interlock switch which breaks 
the current to both electrodes when 
cabinet cover is lifted. 
4937-W5. 
ELECTROPHORESIS APPARATUS, Paper Strip Model, A.H.T. Co. Specification , with platinum foil 
electrodes, 10~ inch migration chamber, and separate, variable power supply for preparing a series of horizontal 
paper electrophorograms of micro quantities of mixtures whose components are separable by migration upon appli-
cation of an electric potential. 
Design is based on original research by T. Wieland 
and A. Tiselius, subsequently applied to a closed system 
by W. Grassmann, with modifications and re finements 
suggested by D . L. Drabkin, Graduate School of Medi-
cine, University of Pennsylvania, and G. F . Springer, 
University of Pennsylvania Pepper Laboratories of 
Clinical Medicine. See T. Wieland, Angewandte Chemie, 
Vol. 60 (1948) , p. 313; H. D. Cremer and A. Tiselius, 
"Electrophoresis of Proteins on Filter Paper," Bio-
chemische Zeitschrijt, Vol. 320 (1950), p. 273 ; and W. 
Grassmann, K . Hannig and M. Knedel, "A Procedure for 
Electrophoretic Determination of Serum Protein on 
Filter Paper," Deutsche Medizinische Wochenschrift, 
Vol. 76 (1951 ), p. 333. 
Devised specifically for clinical estimation of protein 
constituents of human blood serum, but useful also for 
the study of other organic or inorganic systems exhibiting 
electromigratory characteristics. Sharp separation of 
migrating components of normal human serum is com-
pleted in approximately 6 hours, using a 250-volt poten-
tial, and the entire procedure, including fixing, staining, 
drying and evaluating, can be accomplished in from 7 to 
10 hours. 
The transparent Electrophoresis Cabinet has been 
designed t o permit ready insertion into refrigerators, 
incubators or other thermostatically controlled cabinets; 
the loaded plastic paper strip carrier, which accommo-
dates four strips 1 ;!.1 inches wide X 12 inches long, or 
equivalent, can be placed in an oven for fixing, and the 
Power Supply has a polarity reversing switch, the use of 
which, between tests, prolongs life of buffer and reduces 
need for frequent replacement. All components are 
readily portable. 
In use, a small liquid sample (8 to 15 cmm for human 
blood serum) is applied to a strip of bibulous paper 
which has been saturated with buffer and laid hori-
zontally across a carrier in the migration chamber of the 
cabinet, with the free ends dipping into the electrode 
~ troughs previously filled with buffer solution. A direct 
current potential is then impressed on the electrodes for a 
period of time sufficient to produce a definite separation 
of the electrically charged molecules of the sample due 
to the difference in migration rates. In many instances 
separation at low temperatures seems to be desirable. 
After separation is completed, the paper strips, 
supported on the plastic carrier, are removed from the 
cabinet and carefully dried at elevated temperatures to 
fix the positions of the separated zones. After fixing, 
strips are removed from carrier, stained, washed and, 
on drying, are ready for evaluation. Qualitative evalu-
ation of migration is achieved by simple visual inspec-
tion, but quantitative determinations are possible by 
photometric densitometry or by cutting individual 
stained bands from the dried paper strips, leaching the 
components and following suggested colorimetric pro-
cedure. 
Electrophoresis Cabinet. Made of clear, trans-
parent methacrylate plastic, )4-inch thick, with central 
platform in migration chamber, Stainless steel leveling 
feet and removable plate glass cover, 7.:1:-inch thick, with 
black plastic handles. Overall dimensions 16 inches 
long X 9 Y2 inches wide X 4 !4 inches high, effective width, 
i.e. maximum usable width of paper carrier, 7 ~ inches. 
Platform is ll{s-inch below top and 8% inches long. 
The upper surface of the platform which supports 
the paper strip carrier and the labyrinth type electrode 
troughs are fini shed with black surfaces for contrast. 
A recessed safety interlock switch breaks the current to 
both electrodes when the cabinet cover is lifted. The 
platinum foil electrodes, % -inch wide, with exposed 
width of )4-inch, are recessed and extend the entire 
9-inch inner width of the cabinet. The electrode troughs 
have a capacity of 550 ml each, and are provided with 
two transverse baffles to minimize diffusion of buffer in 
electrode section of trough with buffer which is in con-
tact with ends of paper strips. The glass cover is slightly 
shorter than the cabinet to vent the electrode troughs, 
but permits sealing of the migration chamber to maintain 
a high humidity atmosphere. 
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ELECTROPHORESIS 
APPARATUS 
Electrophoresis Apparatus, Paper Strip Model (Continued from preceding page). 
The carrier, for paper sheet or strips up to 774 inches 
total width, has central open area 7 74 X 7%; inches, with 
crossarms a t ends which are roughened to reduce slipping 
of paper. Carrier is made of a cotton-filled phenolic 
plastic and is suit able for support ing the strips during 
oven drying in accordance with prescribed fixing tech-
niques. Length of carrier is 9%; inches, height 1Ys in ches. 
The polarity of t he electrodes is indicated by two pilot 
lamps mounted behind t he t ransparent front of cabinet. 
H orizontal engraved lines on front of electrode t roughs 
facilitate leveling. A t hree-conductor connecting cord of 
small diameter , 5Yz ft. long, with polarized, lock-in type 
safety plug for attachment to power supply, facilitat es 
use in refrigerators, etc., wit h gasketed doors. 
Direct Current Power Supply. A tubeless 
rectifier-t ransformer type unit with voltmeter , milli-
ammeter and precise fine and coarse voltage cont rols in 
ventilated, sloping front, sheet metal cabinet wit h gray 
Hammertone finish. Includes two polarized receptacles 
for simultaneous connection, if desired, to t wo A.H.T. 
Co. Specification E lectrophoresis Cabinets, also polarity 
reversing switch, pilot lamp and readily replaceable fuse. 
The meters have scales 2 Yz inches long, and are gradu-
ated from 0 to 300 volts in 5-volt divisions, and 0 to 50 
milliamperes in 1 milliampere divisions, respectively. 
Coarse adjustments in steps of 30 volts are made by 
means of a 10-position switch which also has "off" 
position to shut off power ; fine adjustment cont rol, with 
range of 30 volts, is stepless and is cont inuously in t he 
circuit. Maximum out put without load is 300 volts but, 
in use, current will depend on the resistance an d size of 
paper strips, etc. 
4937-WS. Electrophoresis Apparatus, Paper Strip Model, A.H.T. Co. Specification , as above described, 
complete with 4937-W7 E lectrophoresis Cabinet with recessed platinum foil electrodes, removable plate 
· glass cover , and one plastic carrier for paper strips, and 4937-W9 P ower Supply, output 300 volts, 50 
milliamperes, with two receptacles. Without paper strips, buffer, stain, siphon for draining electrode 
t roughs, or means of evaluatin g results, but with directions for use. For use on 115 volts, a . c. only . 375.00 
4937-W7. 
4937-W9. 
Net weight .. . ................ . ....... . . . 17 lbs. Code Word... . .... .......... ....... . .. Fafze 
NOT E-For replacement Pilot Lamps, see 5702-N as list ed on page 683 of ou r 1950 catalogue. 
~A.H.T.CO. 
C-1 I I I !5I I I I I tiO :;;;;;;- r. t~lfl'l'<lll 10eu m m .&T 20"o a 
4937-Wl3. 
Accessory and Replacement Parts 
Electrophoresis Cabinet, A.H.T. Co. Specifica tion, 4937-W13. Pipette, with capillary stem, and opaque white stripe to 
only, as su pplied with 4937-W5. Of transparent facilitate reading, for convement application of 
methacrylate with removable plate glass cover and accurate micro quantities of samples onto paper strips, 
Stainless steel leveling feet, for paper strips 12 inches such as 4937-W16 and 4937-W18, in electrophoretic 
long. With two recessed platinum foil electrodes, 9 tech niques. Stem is approximately 70 mm long, 
inches long X }4"-inch exposed width, in labyrinth calibrated to contain 10 cu . mm at 20° C, with gradu-
type electrode troughs. Complete with one paper ations at intervals of 1 u. m m. Overall length approxi-
strip carrier, two pilot lamps, safety interlock switch, mately 160 mm, with overflow bulb in center. With 
and 5Y2 ft . ru bber covered, 3-conductor cord with 10 inches of pu re gum t ubing and plastic mou th-
shielded polarized p lug for attachment to power piece... ... . ........... . . . . . . . . . . . . . . . . . 2.00 
supply , b ut wi thou t power supply, paper strips, pipette Code Word . . .. . ... .. .. .. .. . .. .... ... . .. Fafzs 
for applying sample, bu ffer, stain or siphon. 225.00 10 % discount in lots of 12. 
Net weight . . ... . . . 9 lbs. Code Word . . . . Fafzh 
Direct Current Electrophoresis Power Supply, 
A.H.T. Co. Specifica tion , only , as supplied with 
4937-W5 E lectrophoresis Apparatus. Maximum ou t -
put without load, approximately 300 volts, 50 milli-
amperes. Complete with two meters, coarse control 
with "off position," fine control, polarity reversing 
switch, pilot lamp, panel fu se holder and two lock-in , 
polarized receptacles for connection to two 4937-W7 
E lectrophoresis Cabinets. With 8 ft. rubber covered, 
3-conductor cord, grou nding wire, and conventiona l 
2-prong plug; for use on 115 volts, a.c. only . 150.00 . 
Net weight ......... 8 lbs. Code Word .. .. FafzJ 
4937-W14. 
4937-W16. 
S iphon, PolyethYlene, A.H·.T. Co. Specification , de-
vised for convenient drainage of 4937-W7 E lectro-
p horesis Cabinet. Complete with plastic clip which 
supports siphon in vertical position in corner of 
electrode trough. Simple pressure on t he screw-
capped, polyethylene squeeze-bottle inset star ts 
siphon action; long inlet t ube permits drainage into 
suitable waste receptacle on floor . 2.55 
Code Word . . . . . . . . . . . . . . . . . . . . . Fafzu 
4937-W91'. Fuse , T ype 3AG, only , Ys ampere; for replacement in 
4937-W9 Power Su pply .. ......... . .. . . ..... .15 
Code Word . . . .. ...... . .. . . . . . . . . . ...... .. Fafzl 
Pa per Strips, Whatman No.1, size 17'2 in ches wide X 
12 inches long, cut for convenient use in carrier of 
4937-W7 ~lectrophoresis Cabinet. T his high grade, 
u nwashed pal?er has mediu m flow rate which makes it 
especially smtable for electrophoretic and chroma-
tographic work. 
Per pack of 100 strips . . . . . . . . . . . . . . . . . . . 75 
4937-W10. 
4937-W11 . 
4937-W12. 
Ca rrier, only, of cotton-filled phenolic plastic, for suppor~­
ing and transporting paper strips for electrophores1s 
tests. Designed for use in 4937-W5 and 4937-W7. 
Overall dimensions 9U6 inches long X 8&,.(6 inches wide 
X 1Ys inches high. With open area 7% inches long X 
7Y.i inches wide. One carrier is su pplied wi th each 
cabinet . .. . .... . ......... .. ........... . . 14.00 
Net weight.. . .. 5 oz. Code Word.... Fafzm 
Cover, only, for replacement on 4937-W7 ~lectrophoresis 
Cabinet. Made of plate glass, 15% mches X 9Ys 
inches X 7.'( -inch thick, complete with transverse 
plast ic handles, fou r insulates:! spacing knobs and one 
interlock switch b utton on lower surface. 14.50 
Net weight .. 3 lbs., 14 oz. Code Word . Fafzo 
NOT E - Glass P lates, only, drilled ready for use b u t 
withou t handles or other fittings, can be su pplied on 
special order. Price $6.50. 
Connector Plug, Polarize d , Shielded , 3-Prong , 
Cannon , as furnished on connecting cord of 4937-W7 
Ele.ctropboresis Cabinet, and required when 4937-W9 
PoWer S upply is used with electrophoresis cabinets of 
other design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 .50 
Net weight .... . . . .. 3 oz. Code Word. F af zr 
4937-W18. 
Code Word ... .... ... •....... . .. . . . . ..... Fagab 
NOTE- For Whatman No. 1 fil ter paper sizes Y, , 1 and 
1Ys inches wide in 600ft. rolls, see 5201-C; for sheets 
18~ X 22 Y2 inches see 5201. 
Paper Strips, Whatm.an No. 3MM, similar to 4937-W16 
b ut with smooth surface and considerably th icker. 
F low rate is approximately the same as that of W hat-
man No. 1, b ut greater t hickness permits convenient 
application of larger samples. 
Per pack of 100 stri ps .. . . . . . . . . . . . . . . 2 .00 
Code Word...... .. . . . . ..... . .. .... .. .. . F agaf 
Am ido Black 10- B (Am ido Schwarz) . A d yestuff 
especially suited for dyeing u niformly the components 
of serum, proteins, etc., at an even rate. Recom-
mended for staining electrophorograms, i.e. d istri-
bu tion of the globulin and albu min fractions of serum 
on paper strips obtained by electrophoresis. In 
amber glass bottles with plastic screw caps. 
Size, grams. 10 25 100 
P e r bottle . ... ...... 1.10 2 .20 6.80 
Code Word ... . . . . . . Ueyxe Uezay UeuJ.o 
Buffer Mixture , Dry, Harleco Special, pH 8.6, for 
paper electrophoresis protein studies. (Seep. 197.) 
Per carton of 12 vials. . ....... . ... . . .. . . 10.25 
Code Word . . . . .... .. . ....... ... .. .... . . Usitl 
Densigraph (Recording Densit ometer) , a s described on p ages 96 and 97, is esp ecia lly recommended 
for u se with a bove E lectrophoresis Appa ra tus 
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ELECTROPHORESIS 
APPARATUS ARTHUR H . THOMAS CO., P HILADELPHIA 5, PA., U . S. A. 
'--0 E N S I G R A P H--:--------, 
(RECORDING DENSITOMETER) 
Ill>- A manually operated Recorder which provides a continuous ink tracing 
indicating percentage light transmission. 
Ill>- For convenient and rapid photometric analysis of light absorbing materials 
on dry paper strips obtained in electrophoresis and chromatography. 
Ill>- Designed especially for use in clinical techniques, but useful also for studies 
with other materials having similar electromigratory characteristics. 
DENSIGRAPH ( RECORDING DENSITOMETER), A.H.T. Co. Specification (Patent Applied For), 
manually operated, with sloping front panel. For convenient and rapid photometric analysis of light absorbing ma-
terials by determining light transmission and lineal separation of stained areas on dry strips of paper such as are obtained 
in the techniques of paper electrophoresis and paper chromatography. Simultaneously combines the usual operations 
of scanning, indicating and recording to produce, without use of electronic tubes or batteries, a continuous inked 
tracing of the output of a pbotovoltaic cell on a special graph paper marked in millimeter squares to indicate percentage 
light transmission. 
Paper strips up to 40 mm wide can be accommo-
dated, and special oil treatment of the usual weight 
paper is not required to make it t ranslucent even when 
light filters are used. 
Essentially the Densigraph consists of a modified 
microammeter with 4-inch scale containing an extra 
manually controlled pointer, photocell, 6"volt, auto-
motive type Mazda lamp, adjustable slit, constant volt-
age stabilizing transformer to operate the Mazda lamp 
on 115 volts, a .c., and a pen writing device which t races 
a percentage light transmission curve on graph paper 
when the pointer on the microammeter is fo llowed 
closely by the manually controlled pointer which is 
operated from the front of the cabinet by means of a 
mechanically linked lever. 
In use, properly prepared · stained paper strips are 
attached by means of plastic adhesive tape to the right-
by cutting individual portions from the record and com-
paring t he actual weights on an analytical balance. T his 
procedure is more direct than p lanimetry and more con-
venient than counting the squares. 
A continuous graphic record of a paper electro-
phorogram 6 inches long can be completed in approxi-
mately 5 minutes and, if desired, any portions of curve 
can be rechecked by simple roll-back of the graph 
paper . When set for maximum light transmission, a 
250 mm sweep is possible between 0 and 100 %, i.e. the 
limits of t he graph paper, and the maxima and minima 
points of inflection are clearly defined. T he slit is scaled 
and adjustable both in length and width ; satisfactory 
curves have been made using 1 mm slit width . A readily 
removable carrier for 2 X 2-inch glass filters is incor-
porated. 
hand edge of the graph paper, slightly below the adjust- The graph paper is in 50 ft . rolls, with graph width 
able slit, and advanced beneath the hooded photocell of 250 mm divided by light green lines into 1 mm 
housing by means of the band wheel at the left-hand side squares, with every fifth line accented. Black lines ex-
of the cabinet. Lateral movement of the lever with the tending the length of roll separate the graph width into 
right hand makes it possible to align the manually con- 25 mm sections, and are numbered 0 to 100 % in steps of 
trolled pointer continuously with the indicating pointer 10 % . The entire roll is continuously available so that a 
of the meter . The rate of travel of the graph paper is number of electrophoretic paper strip records of any 
completely under the control of the operator's left hand. desired length can be charted without reloading; a ser-
Because of the amplitude of the curves obtained on r ated metal tear bar at top simplifies removal of finished 
the graph paper, it is possible to determine area ratio record from roll. 
(Continued on following page.) 
Densigraph ( Recording Densitometer) (Continued from preceding page) . 
Paper rolls are readily replaceable through the front for paper alignment, phot ocell slit adjustable to a 
·panel which is sloped for convenient observation of t he maximum of 40 mm long X 4 mm wide, support for 
graph from a natural sitting position. T he panel con- inking device, and shielded photocell housing on pivoted 
tains t he special meter with scale graduated from 0 to 25 mount . 
microamperes in 50 divisions, coarse and fin e adjustment The metal cabinet, wit h cast aluminum end plates 
controls for the light source, on-off power switch, pro- and steel panels, all finished in gray Hammertone enamel, 
tective on-off meter shorting switch, bull's-eye for pilot is mounted on rubber feet. Overall dimensions !!pproxi-
lamp, slot for paper roll , knurled wheel for roll-back of mately 18 inches wide X 14 inches deep X 14 m ches 
paper , series of rubber rollers and simple frict ion release high. 
4937-X. Denslgraph (Recording Densitometer), A.H.T. Co. Specification (Patent APplied For), as above 
described, complet e with constant voltage stabilizing t ransformer, one 50 ft. roll 4937-X5 Graph Paper, 
ink writing pen, 4 ~ bottle washable blue ink, roll Scotch brand transparent plastic adhesive tape 72-inch 
wide and dispenser or attaching paper strip to graph paper; removable carrier for glass filters, 2 X 2 
inches, 6 ft ., three-wire cord, with two-prong plug with grounding lug, and directions for use. Power 
consumption 25 wat ts. For use on 115 volts, 60 cycles, a .c. only. Wit hout glass filters . . . . . . . . . 475.00 
Code Word . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Fagak 
4937-X3. 
4937-XS. 
4937-XS. 
NOT E-Can be su pplied wi t h T ransformer fo r 11 5 v olts, 50 cycles, a .c. , a t $476.00, or for 230 volts, 50 cycles, a .c., at $479.00. 
4937-XS. 
Accessory and Replacement Parts 
Dust Cover, for Densigraph ; of d ura ble, plia ble, t rans-
lucent vinyl p las tic sheeting which is washable, 
chemically resistant and fireproofed . Sea ms a nd edges 
a re bound with white N y lon tape, with t wo Nylon 
loops for con venien t removal and hanging. Overall 
dimensions 21 inches wide X 14 inches deep X 13Y, 
inches high at back a nd 3Y, inches high at 
front.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.35 
Net weigh t . . .... . 3Y, oz. Code Word .... Fagam 
. 10% discount in lots of 6. 
Denslgraph G,.ph Paper, A.H.T. Co. Specification, 
grid type, llltiiQIIS, as supplied with 4937-X D ensigraph 
to plot continuous record of percentage t ransmission 
of pa er strip electrophorograms. R uled a rea, 2 50 mm 
wid4 s divided into millimet er squ ares by green lines, 
wi very fift h .line accented. B lack lines, extending 
t h of t h e roll , d ivide the width into ten sections 
26 wide, and a re numbered 0 to 100 % , which 
n ng Is repeated throu ghou t the roll a t mtervals 
of 100 mm. M a rgin beyond 100% line is % -inch fo r 
a t taehment of paper electrophorograms. Overall 
widt h 1011A, inches, length 50 feet, fiber core :l4 -inch 
lllllide diameter . Per roll . . . . . . . . . . . . . 3. 75 
Code W ord . . .. . . . ............ .. . .... . .. F agan 
10% discou n t in lots of 12 rolls . 
lnkograph Pen, Floatomatic Style No.2, as su pplied 
with 4937-X Densigraph . With 14-karat gold point. 
Complet e with metal cap, and 4 oz. bot t le of Scrip 
wlll!hab le blu e ink which minimizes clogging . 2.35 
Cod e Word . Fagao 
4937-X7. Lamp Bulb, only , 6-8 volts , 21 / 3 c.p. d ouble contact, 
indexed base . As su pplied with 4937-X Densi-
graph . .......... .... . . ... . . ........ .. . . .38 
Code W ord .. . . . . ... ........ .. .... .. ... . Fagaq 
4937- X8. Cellophane Tape wjth Desk Dispenser, Scotch 
Brand , t ransparent, 7'2-incb roll, as su pplied with 
4937-X for attach ing p aper electrophorograms to 
4937-X 5 Graph Paper. Dispenser is made of solid 
cast iron finished in gray Hammer tone, with serra ted 
steel t ea r blade , and sponge rubber pad on base. 
F acili tates removing shor t pieces of tape wi th one 
hand. Con tains 108 feet on l -inch core . . . . . 2.48 
Net weigh t ....... 18 oz. Shipping weight . 3 lbs. 
Code W ord ..... . . . . . . ........ . . . . Fagar 
NOT E- This D ispe nse r ma kes a very satisfactory holder 
for rolls of Labelon P lastic T ape up to an d including 
:l4-inch widt h as listed on page 117. 
4937-X8A. Cellophane Tape, Scotch Brand, only , Y,-inch wide, 
as su pplied with 4937-X8. Roll contains 108 feet on 
l -inch core. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 
Code Word . . . . . . . . . . . . . . . . . . . . . . . . . . . . . F agaa 
4937-X9. Photoelectric (Photovoltalc) Cell, G . E. Model 
8PV1-AAB, as supplied with 4937-X D ensigraph . 
T erminals are marked as t o polarity. With di rections 
for ins tallation . . . . . . . . . . . . . . . . . . . . . . . . . . 11 .00 
Code Word . .. . .... . . . . ....... . .. .. .. ... F agat 
2093-P. Lamp Bulb, 7.5 volts , 0.25 ampere, wit h m inia t ure 
bayonet b ase; for replacement of pilot lamp . · .11 
Code W ord . . . . . . ..... . .. .. . . . .. . . . .. . . . A sctw 
The above Densigraph is especially recommended for 
use in connection with A.H.T. Co. 'specification Electro· 
phoresis Apparatu.s, Paper Strip Model, as .described . on 
pages 94 and 95. 
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The Thomas Densigraph was a manual recording densitometer. 
Its functional limitations when compared with the Analytrol were 
similar to those noted above for the Welc:h and Photovolt Densitometers. 
The Model R System was priced considerably above the other 
instruments in the field; but, because of better design, the majority 
of customers preferred t he Spinco instruments. 
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Chapter VII 
The Marketing Problem and Plan for the 
Development of a Solution 
A. A Review of Model R Orders During the Introductory 
Period -- ----- -
Once the Model R System was introduced, orders were 
placed with the dealers, and the dealers placed purchase orders 
with Spinco. It was several months b efo:r·e the first units were com-
pleted for shipment, and so a sizeable backlog of orders was generated . 
Production was slowly increased until the rate was high enough to 
cause a steady decrease in backlog. As shipments increased and the 
dealers shipped all of their customer orders, instruments began to 
accumulate in their warehouses, and dealers• orders suddenly decreased. 
In August, of 1955, for example, no dealers ordered any Analytrols, and 
one dealer cancelled an order for three units. Charts sho~Qng those 
months for which orders, shipments, and backlog figures were available, 
are shown in Figures 7, 8, 9, and 10. 
B. A Review of Service Problems During the Introductory 
Period 
As more An&lytrols r eached customer hands, the problems 
associated vvith servicing the instrument increased until the situa-
tion became rather acute. When the Model R franchise agreement had 
been discussed, Hanafin had been assured by the dealers that they had 
excellent service facilities and personnel. It was, therefore, con-
eluded that the dealers were to service the Model R System and it 
would be unnecessary for Spinco to make arrangements for service. 
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The early Analytrols were not well packed for shipment and, 
consequently, there was an inordinate amount of shipping damage . Un-
fortunately Spinco had not prepared any sort of service information for 
the dealers, which made it difficult and sometimes impossible for the 
dealer to repair damaged instruments . As a result, many instruments 
were returned to the f actory for repair and the majority of instru-
ments in customers 1 hands were not functioning very well . There were, 
also,two or three production problems which were not full y appreciated 
during the early production period and, therefore, instruments from 
later production were far better functionally than early instruments. 
As a result of these problems, customers were writing and 
calling Spinco daily, requesting, and sometimes demanding, service on 
their equipment . Some of the dealer locations did a fair servicing 
job, but most dealers gave up on the service problems and relayed the 
dif ficulties back to Spinco. 
There were two basic service problems which required 
soluti on: One was the immediate servicing of instruments presently 
in the field, and the second was the development of a long-term 
service program on the Model R System itself. 
C. The Long Term Service Program 
The fir st year ' s experience with dealer service demonstrated 
certain points. First, several of Spinco 1 s dea ler s had no se~rice 
personnel wh~tsoever. These dealers depended upon their s alesmen to 
perform service. Next, Spinco had neglected to equip the dealer 
personnel wi th any kind of written se~vice information making 
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servicing extremely difficult for dealer s ervice personnel. Spinco had 
provi ded no fact ory trained service personnel to back up the dealer on 
special problems or to instruct dealer service personnel. Finally, 
Spinco had not made any special provisions for servicing def ective 
equipment, and the arrangement of having the production department 
h2ndle such problems had proven unworkable because of delays. 
A long-term service program was instituted based upon the 
following: 
1 . A factorJ trained Spinco service engineer would 
check the installation of each Analytrol within 
thirty days of its receipt by the customer . A 
f ollow-up call after about six months would be 
made by the Spinco engineer. Provision f or t his 
service would be made in the selling price of 
the instrument. 
2. A repair shop facility suitabl e for the prompt 
repair of Analytrols, Duostats and the other 
Hodel R items would be established and operated 
as part of the Spinco Service Department . 
3. The deal er service manual, which was then :i,n 
preparation, would be pushed through to com-
pletion and gi ven wide distribution to dea,ler 
personnel. (See AppendL~ V for Service Manual ) 
4. Service contracts for routine preventive 
maintenance on Model R equipment would be of-
fered to customers. Thus, in thos e instances 
where a customer could not obtain good ser-
vice from his dealer, he could obtain service 
from Spinco. 
5. A warrantee and Service return pos t card 
would be included with all Analytrols to en-
courage the customer to send his name and 
address to Spinco. Upon receipt of the card, 
the Spinco Service Department could arrange 
for an engineer to make the installation 
check and six months follow-up call. (See 
Figure 11 for sample of card) 
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SERVICE PLAN 
l. Installation Call 
2. Follow-up Call 
3 . Emergency Call 
. .. To provide service for proper installation, preven-
tive maintenance and engineering improvements. 
At your option, this Service Plan con be continued after 
the six -month warranty period by means of a yearly 
contract. 
·-----~-------~---~-~----~·~ 
DAT E RECE I VED _ _____ _ 
SPINCO MODEL _________ SER IAL N UMB ER ____ _ 
INSTITUTION ADDRESS 
DEPARTMENT OF __________ _ ______________ _ _ 
SPINCO ENGINEER SHOULD CONTACT _ _________ _ 
S IGNE D _ _____ _ 
Figure 11. Model R Warrantee and Service Post Card 
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• 
D. The Short ~ Service Program 
The decision was made to hire two new engineers and train 
them in the repair of Model R equipment. These men were to be equipped 
with tools, service parts and kits for the modification of early 
Analytrols and sent forth to visit every Analytrol owner. All in-
struments were to be brought to the same operating specifications of 
Analytrols from the latest production. Estimating that the men could 
service an average of three instruments every two working days, it 
would appear that each should be able to service about 36 instruments 
a month. Thus, it would take three to four months to bring all in-
struments in the field up to optimum operating condition . 
These service calls and modifications were to be made at 
Spin co 1 s expense . Before embarking upon the program, it was necessary 
to obtain a list of present customers and, then, to schedule visits 
according to some priority. 
E. The Plan for Developing Customer Information and 
AnalYsiS Thereof 
The conclusion was reached that since the Analytrol 
represented two thirds of the selling price of the Model R System, 
that an analysis of the state of market development would be most 
useful in planning a new Model R merchandising program. Although 
similar analyses on Duostat and Electrophoresis Cell customers would 
also be helpful, the larger number of sales would make the required 
effort inordinately greater. Should the less involved Analytrol 
analysis prove inadequate, then a further program could always be 
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undertaken to identify those customers who had purchased cells and 
Duos tats but not Analytrols. 
To solve the merchandising and service problems of 
identification of Analytrol customers, it was necessary to contact 
all dealers, obtain customer information, and compile it. A survey 
to obtain this information is described in the next chapter and the 
merchandising analysis and conclusions are described in the following 
chapters. 
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Chapter VIII 
The Dealer Survey 
.A. The Approach Used to Obtain the Desired Information 
It was the purpose of the dealer survey to identify all of 
t he customers to whom Analytrols had b een sold. This information 
could then be used for market analysis by merchandising and for t he 
s ervice scheduling necessary for theirshort-term service program. 
Although a nwnber of instruments had been shipped to custon:ers 
direct from the Spinco factory, the vast majority had first been 
shipped to dealers and then to customers. The cooperation of the 
dealers was, therefore, necessary to obtain the name of the customer, 
the name of the institution employing him, and the street address. 
Because there was time and effort involved on the dealer •s 
part in developing the desired information, it was concluded that the 
job should be made as simple as possible for the dealer, and the 
customer service visit should be used as an incentive for prompt 
action. To simplify the dealer• s task, a form was prepared with 
appropriate spaces for the desired information, and a covering letter 
was prepared to encourage the dealer to insert the desired informa-
tion and return the form to the factory. 
B. The Customer Identification Form and Its Distribution 
A sample of the customer identification form used isshown 
on Page 68: The spaces marked Dealer Order, Unit Serial No., and 
Date Shipped from Factory, were filled i n by factory personnel vnth 
SPINCO Divi sion 
Beckman Instrumentli, Inc. 
Belmont, California · 
CUSTOMERS RECEIVING #300 .. 300 ANALYTROL SHIPMENTS 
Dealer Order __ p_· -_·-:4'-..;0~0::;.....:.I_J+----- Unit Serial No. 9 J 
5/;z/o.s-Date shipped from Factory 
Customer's Name: 
Firm: 
Address: 
Dealer Order P- 4 oo 17 Unit Serial No. / Q C. 
Date shipped from Factory.: d/;3 /00 
------·~~~~~~---------------------
Customer 1s Name: 
Firm: 
Address: 
--------------------------------------------------------
Dealer Order ,P- 4 a o 17 Uni~ Serial No. 7.5 
Date shipped from Factory S ~3/.s-~ 
Customer's Name: 
Firm: 
Address: 
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information obtained from order records . In those instances where an 
instrument was shipped directly from the factory to the customer, the 
Customer's name, Firm and Address were completed . Thus, the dealer 
was only requested to give the factory information which the factory 
did not already have. The forms were segregated according to the 
particular dealer location and a covering letter prepared to 
accompany the forms. A sample of the letter used is shown on Pages 70 
and 71 · 
C. Form Returns, Their Analysis ~ Tabulation of Results 
Within six weeks the forms were completed and returned. 
In a few cases it was· necessary to send a follow-up letter to remind 
the dealer to complete and return the forms. Samples of a covering 
letter and a completed form are shown on Page72 and 73. Some dealers 
chose not to use the forms but instead to send a typed list of customers. 
A sampl e list and tyPical covering letter are shown on Pages74 and 75 • 
In approximately half of the returns received, the dealer was unable 
to conelate the customer with an Analytrol of a given serial number. 
Therefore, the technique of further correlation had to be independent 
of instrument serial number. 
The returns are summarized in Table II, "Returns From 
Dealers on Analytrol Customer Identification Forms" . The data pre-
sented refer only t o instruments shipped to dealers ~~thin the United 
States, and the fo l lowing analysis applies only to that market. Of 
the 255 Analytrols shipped to domestic dealers, 32 or 12.5% were 
still in dealers' stocks and 87.5% were in the hands of customers at 
the time of the survey. 
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Beckman® 
Spinco Division 
1117 California Avenue, Palo Alto, California DAvenport 6-1970 
a division of Beckman Instruments, Inc. 
October 14, 1955 
Mr. H. L. Rudow 
Scientific Supplies Company 
600 Spokane Street 
Seattle 4, Washington 
Dear Mr. Rudow: 
We would deeply appreciate your assistance in assembling some 
customer information on Analytrol shipments. This information 
is valuable to us for two reasons: 
1. Now that Analytrols have been on the market and in use 
for over a year, we would like to have one of our Service 
Engineers visit each customer to make a field evaluation of 
each Analytrol. This visit will provide us with very helpful 
information in connection with the exact nature of problems 
bei~g experienced by customers in the application, technique 
of operation, and servicing of Analytrol units. 
2. It will be possible for us to make an analysis of sales to 
date and make a breakdown of general types of Institutions 
purchasing these units. A summary of this analysis will then 
be sent to you and also to each of our other dealers indicating 
the percentage of these units going into hospitals (by number 
of beds), Medical Research Institutions and Industrial Labor-
atories. We believe that this information will be helpful to 
you, as well as ourselves in directing future sales and pro-
motional efforts on this equipment. 
Plea.se be assured that this information will be treated in confidence 
and that you will receive exactly the same summaries as our other 
dealers. 
We would also appreciate your holding in confidence the information 
that we plan to make a service visit to each Analytrol customer., 
since the problem of priority will immediately be raised. From 
our own point of view, we wish to pursue these service visits in 
an orderly manner to minimize expense to the Spinco . Division. 
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Mr. H. L. Rudow 
Scientific Supplies Co. 
Seattle, Washington -2- October 14, 1955 
Your cooperation in completing the enclosed customer sheets is 
earnestly requested. 
GFC:gb . 
Encls. 
Respectfully yours, 
SPINCO Division 
Beckman Instruments, Inc. 
~t~)~• 
/ ~:1,;__r_~K F. Cli££Jfd, J;_a • Sales Manager 
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:CIWIFIC SU . tiES COMPANY · 
L ~ Np,a~ t'A/nd' k~PnZA ,:. l) 
600 SPOKANE STREET • SEATTLE 4, WASH !~~!:·. 
MUtual 3460 f,C, · .:~ I · · ~. 
. ~ '"' ~\~ . 
October 24 , 1955 ~\ (J • • · · ~t;~ \J \)~\~ 
~~,~~\j •. · 
It ' 
.·,.: . 
Spinco Division 
Beckman Instruments, Inc. 
Belmont, C~lifornia 
. 
Attenti on: George F. Clifford, Jr., Sales Manager 
Dear George: 
.. 
In reply to your letter of Octobe.r 17, we are vecy ple11sed to 
enclose the list of accounts to whom we have sold Analytrols. 
We believe thi:s is an excellent idea as there should be some 
; ~-
follow up beyond what servi~~ our own representatives have ~-
been able to provide. You inay be sure that this will be hel.Q 
in confidence as we can aopreciate the difficulties which 6U).:.;i-· 
result in a general announcement. · ' ~ -• · 
We have also received the few copies of the manual, which accom-
panied your letter of October 18. we do require an additional 
five copies and I would appreciate your having these sent to ~ 
attention. With best regards, I am 
Sincerely yours, 
SCIENLIFIC SUPPLIES CCM?ANY 
By 
H. L. Rudow 
HLR:ab 
:<· 
;/;·: ~·· ~·i' .... 
! • 
... 
':., i·:. . . 
5 -~ :~::~ '~~ ... 
·· l!':': · 
.,. : .. 
.· ~-
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.. 
SPINCO Divhion 
Beckman lnttrumenta, Inc, 
Belmont, Califo rnia 
' .. 
.. .. 
CUSTOMERS RECEIVING 1300-300 ANALYTROL SHIPMENTS 
Dealer Order .5o~ Unit Serial No. ,i(o 
Date ahipped from Factory_A;..1_~_1..:.~----------
Cuatomer~ Name: Dept. Ho;roital Eauignent 
Firm: --Uni~y.w.e._r_.sillli...ct~v .. olll:if=-::!a~sh~lll~~~.~. g~.:.:ot'*"o~n----
Addreaa: _________ ~P=~l~O~O~H~ea.wl~th~Sc~iwe~n~c~e~s-B~l~d~gA, ____ _ 
Seattle, 5, Washipiton 
Dealer Order 3 8'0 I Unit Serial No. · ?:54-
Date shipped from Factory _3_.""'/......~4-.....,hs:-.-..;;.... _______ _ 
Customer'• Name: Dept. Fhysics Reserve 
Firm: -~st""'a.ut""e~C:.:.ol~l;;;;.;e~g:.=:e;....:;.;o;;:.:f;;;.:W~a;...;s~h-:-i-ng-to:--n---
Addreaa: ----------~P~H·l~lm~a=nu.~W~as~h~i~n~g~t~on __________ ___ 
Dealer Order /4 ~7 Unit Serial No. 4-9 
I / __ 
Date th~pped from Factory: 3 /..;f /,A55 
Cuatomer 'a Name: Dr. Swank 
Firm: -----Un~iy...:e=:.:r.:..:a:si=t-y_o_f~O~r-e-go-r-1 "':"M~e-:'d~i-ca-=1 School 
Addre11: 3181 S, W, Sam Jackson Park Road 
Portland 1, Oregon 
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FISHER SCIENTIFIC COMPANY 
PITTSBURGH PLANT 
AMERICA ' S LARSEST IUIIUF AC TIIUI -IISTIIIUTOI OF lHOUTOIY APPLIANCES 
AND IEAGE.T CHEMIC AL S 
74 ~~~ 
• 
Mr. George F. Clifford, Jr. 
Sales Manager 
Spinco DiYisiOD 
Beckaan Instruments, Inc • 
.,laont , Calitorn:ia 
Dear George: 
EXpress 1·1330 
717 F O RIIES STREE T 
PITTSBURGH 19, PA . 
We are una•le to correlate any of our purchase orders 
with serial num•ers of Analytrcle. During the first four 
onths of this year we processed our orders ~ a aechanical 
aeana and were una.ltle to keep any record of the final des-
tination and aerial num•er; however, the attached list shows 
you the final destination of each Analytrol. This I ••lieve 
is primarily what you are interested in. 
It you will let ae know when your Service Engineer 
plana to e in the Pitts8urgh territory, I would like to make 
rrangements for our Technical Service Manager, Walter 
Langeraan, to travel with hill. 
It I can •• ot any future service in this aanner, please 
do not hesitate to write me. 
FD/mt 
Enclosures 
Tery truly yours, 
FISHER SCIIITIFIC COMPAIY 
· .. · l~ -~ 
Fr · Donics 
Sales Manager 
11: Cllc.tSO • NEW YOU • PITTSIUI'M • ST. LOlliS • WASHI"'TOII • IIOtiTUAL • TOIOIITO 01\c .. , IOSTO!I • IIIFFlLO • CLEYELAIII • DETROIT • PIIILUELPIIA 
I· [: 
Uninr•it,- of Pittaburgh 
'l'hird Floor, P'atk Clinic 
3601 5th Ave, 
Pittsburgh 13, Penna. 
Dr. W. N • J MOn 
VJ. Hoe pi tal 
UniTe rs i ty Drift 
Pittabur!h 40, Penna. 
TraMpor-Ution Officer 
Wright Patter•oo Al'B 
Fairborn, 0 hi.o · 
Attn: AF 9a:t SO Bldg. 258 
Presbyterian Hospital 
230 Lothrop St. . 
Pitt•burt;h, Penna. 
lfeat Penn Hospital 
Dept. 542, Pathology 
Pittsburgh, Penna~ 
Erie County Health Dept. 
Laboratory · 
462 Grider St. 
Buffalo , New York 
Cornell UniYentity 
Biochaa & Nutrition 
Savage Hall 
Ith&ca., New York 
E. I. du Pont 
Rfleearch & Analytical Dept. 
Bu.tfalo Ave. 
Niagara Falla, New York 
Dre D. Hoyt 
Allegheny General Hoepit 1 
Pittsbt.trgh, Penna • 
Dept. H. F. 
~llegheny Valley Hospital 
.... J OO Carlisle St, 
Tarentum, Penm. 
St ~ I,.u.ke • a Ho pi tal 
l lJll Sbak r Bl ~e 
Laboratory Room 7121 
Cltmal&nd 14, Ohio 
Childrens Hospital 
125 DeSoto Street 
Pittsburgh 13, Penna. 
Dr., W. H. Hi.ll 
Graduate School of Public Health 
Pi tt•burgh 13, Penna . 
Michigan ~tat• College 
Animal Path. Exp. Sta. Proj. 74 
Ea.st Lams i.ng , lliehit;a n 
Vet«rana Administration 
3200 Vine Street 
Cincinnati 20, Ohio 
D:t. ... G.rrold, Heart Res. Lab . 
ChAr lea F. lCet tering 1oundation 
150 Eaat South Colles- St. 
Yellow Springs, Ohio 
Vetera.n.e Aaai.nistration Ho8pi tal 
University DriTe 
Pittsburgh, Penna . 
Dr . lie rehant 
H. V. Grosch 
San Juan, 
Puerto Rico 
75 
Ds<J.1 ~r 
Ccr -
tin, Co . 
?is her 
Scientific 
..;cientific 
Prot.ucts 
Van -.~'"aters 
0. fi'. ogers 
0oeci .s.l::_z e d 
Inst rlLnent 
'_i_'otc:.ls 
.?3rcent 
T:wi2 II 
fc etur·ns fran Do&1ers on " .!~nalytroltt 
Custon-r identificc'.tion F or m s .....,...-..;;.;;.:~ • "' ~· ~_,. •• '<ef' .. ........ ;;Fi< • .... >J•• - . -
Lo . of units 
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22 
75 
97 
35 
26 
255 
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3 
3 
15 
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9 
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31. 2,; 
1\o . of ::ust . 
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0 
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9 
0 
0 
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A total of 223 instruments had reached customers and 207 or 
93% of the customers had been identified when the returns were completed. 
Of the 16 unidentified customers, 7 were associated with Fisher Sci-
entific Company and 9 were associated with Scientific Products Division 
of American Hospital Supply Corporation. Both of these firms transfer 
instruments from the stock of one division, direct to customers lo-
cated in other divisions' territories. This inventory transfer 
arrangement no doubt was primarily responsible for the confusion of 
records resulting in the firms• inability to identify the 16 customers. 
A few of the unidentified units may also have been exported to over-
seas destinations which the firms did not wish to identify. 
As the available information is further analyzed, it 
should be borne in mind that a concentration of sales from the 16 
unidentified Qnits may cause a few specific situations to be somewhat 
different from that reported. The assumption can be made, however, 
that the pattern of sales for the 16 units is similar to that of the 
207 identified units and general conclusions drawn, recognizing that 
slight deviations from these conc~ns may be the actuality. 
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Chapter IX 
A Study of the Information to be Analyzed 
A. ! Simple Listing of Pertinent Information 
To obtain correlations of the data developed by the 
customer survey, a system for the cataloging and searching of the 
information had to be developed. As recommended by Berger* a simple 
listing of the pertinent information was made as follows: 
1. Instrument Identification 
a. By Serial Number 
2. Identification of Ultimate User 
a. Person 1s name using instrument 
b. Title of person using instrument 
c. Name of institution employing user 
d. Street address of institution 
e. City 
f. State 
g . Geographical area (nine area groupings) 
3. Classification of Ultimate User by Market 
a. Hospital laboratory 
*2, pp. 28-37 
(1) Size of hospital by number of beds 
(a) 25 beds or less 
(b) 26 to 50 beds 
(c) 51 to 100 beds 
(d) 101 to 200 beds 
(e) 201 to 300 beds 
(f) 301 to 500 beds 
(g) 501 to 1,000 beds 
(h) 1,001 to 1,500 beds 
(i) 1,501 and up 
(2) Type of Hospital 
(a) C Children 1 s hospital 
(b) Cv Convalescent hospitals and homes 
(c) E Hospitals for ear, eye, nose, and throat 
(d) G General Hospitals and sanatoriums 
(e) Ga Hospitals of allied institutions 
(f) M Maternity hospitals 
(g) N Tuberculosis hospitals 
(h) U Hospitals for contagious diseases 
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3. Classification of Ultimate User by Market (cont.) 
b. Clinical laboratory (independent of hospital) 
c. Medical research laboratory 
d. Public health laboratory 
e. Industrial laboratory 
f. Agricultural research laboratory 
g. Other accounts 
h. Geographical location 
(1) City 
(2) State 
(3) Geographical area (nine area groupings) 
4. Organization completing sale to user 
a. Spjllco Division 
b . Aloe Scientific (future) 
c. American Hospital Supply Corporation 
Scientific Products Division 
d. Braun Corporation 
e. Braun-Fnecht-Heiman Corporation 
f. Canadian Laboratories Supplies (future) 
g. W. H. Curtin Company 
h. Fisher Scientific Company 
i. Macalaster-Bicknell Company (future) 
j. Scientific Supplies Company 
k. Arthur H. Thomas Company (future ) 
5. u. S. Government Owned Institutions 
a . Air Force 
b. Army 
c. i~avy (Marines) 
d. Veterans' Administration 
B. A Discussion of~ Various Information Categories 
1. The Instrument Serial Number 
The instrument serial number gave a unique identification of 
each Analytrol and furnished an excellent means of double checking 
against duplication of information. Unfortunately, the instrument 
serial number was missing or not correctly identified on approximately 
fifty percent of the survey. 
2. Identification of the Ultimate User 
The identification of the ultimate user has importance 
because it furnished the basic information upon whi ch the market 
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classification was to be developed. The user identification also 
furnished anoth er means of checking against duplication. Also, the 
availability of the user's name and address permitted the rapid pre-
paration of user lists by classification. Such lists could be useful 
in field sales to furnish customer reference for certain applications, 
to permit direct mail of application information, and to provide user 
lists for service when modifications or improvements were to be made 
for certain applications. Under 2., g., the geographical area, there 
was a grouping of states to provide a significant area breakdown. The 
grouping used had been developed one year prior to the time of this 
report as a means of classifying inquiries. The continued use of the 
same area grouping permitted cross use of data and provided a means of 
correlating inquiries with sales. Table III consists of a list of 
states within each of the nine area groupings . 
3. Classification by Market 
The classification of ultimate users by market would furnish 
the basis for evaluation of market development and ultimate potential 
market. The survey replies were studied and a market category de-
veloped wherever two or more Analytrols had been sold to the same 
market. It was apparent that the hospital laboratory market was one 
which represented a large number of Ane.lytrol sales. In view of the 
large number of sales to hospitals, and excellent market information 
available, it was concluded that the hospital laboratory market could 
profitably be broken do~~ by number of hospital beds and type of 
specialization. One convenient classification system by hospital 
specialty is that used by The Modern Hospital Directory of Hospitals 
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and Sanatoriums .* The same classification system was used for this 
report and the code letters of the reference volume are noted before 
each category in section A.,3, a,2 . The same reference volwne has in-
formation on the number of beds in each hospital, and the total beds 
categories were chosen to correspond to those in the summaries in the 
reference volume . 
The only market of appreciable size other than the hospital 
laboratory -market was the medical research market; one which did not 
lend itself to simple classification. The diversity of institutions 
carrying on medical research and the overlapping arrangements between 
hospitals, medical schools, foundations, government institutions, and 
industrial concerns made sub-classification difficult and of question-
able value. Since the author was unable to locate a published work on 
such classification, this project is recommended as a subject for 
subsequent research. 
4. Organization Completing the Sale to User 
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It was important to identify the group completing the ultimate 
sale so that strengths and wea~esses of the marketing organizations 
could be studied. In this connection, it should be noted that, although 
Spinco might sell an, instrument to a user, the dealer discount on such 
a s ale was credited to a dealer in the customer's area. 
At the time this report was being prepared, a decision was 
made to offer Spinco franchises to four new dealers. In order to 
make certain that the system developed would be applicable to future 
market studies, provisions were made to include the new dealers along 
* , PP• 2 
with the existent dealers. 
The pos sibility of sub-classifying the dealer organizations 
by divisions was considered. However, since the dealer divisions were 
basically a geographic breakdovm and since another category was the 
stat e in which the customer was located, it appeared that a breakdown 
of dealers by division v1ould be redundant. Because the three companies 
ovmed by Van ·waters and Rogers operated independently, the concern 
was divided into its three component companies, the Braun Corporation, 
Braun-Knect-Heiman Corporation and Scientific Supplies Company. 
5. u. s. Government Institutions 
This category was i nstituted inasmuch as the U. S. Govern-
ment often makes large purchases of instruments for the supply of 
t hese differ ent services. In approaching the central buying group to 
request that a product become a standard item, it is very helpful to 
have a list of those stations which have already purchased the equip-
ment. Such information substantiates that t here is interest in, and 
need for the equipment in tho::B institutions being serviced by the 
centr al purchasing group. Inasmuch as Spinco had not approached 
these centralized purchasing groups, it appeared that preparation for 
such an effort Tias in order. 
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Chapter X 
The Selection of a Punched Card and 
Development of a Suitable Coding System 
Once the basic categories of infor~3tion had been established, 
it was necessary to consider the means for recording and correlating the 
data. It is conceivable that the pertinent data could have been entered 
on the customer sheets shown on Page 73; however, correlation would have 
been time consuming and subject to greater error than if an efficient 
data reduction system was used. The development of a good data re-
duction system seemed indicated inasmuch as it appeared that subsequent 
studies would be made, and as the body of information grew, the data 
could be readily analyzed if it were properly cataloged. It was, 
therefore, concluded that a data reduction system ·would be developed 
to fill the present and future requirement. 
A. Factors Influencing the Choice of ~ Data Reduction System 
1. Total Number of Categories 
The total number of categories required to meet the require-
ments of the preceding chapter are as follows: 
Geographical 
Area groupings 9 
States in l argest group 7 
Market Classifications 7 
Hospital beds 9 
Type of hospital 8 
Organization Completing 
S~e ll 
Government Institutions 4 
Total Categories 55 
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To provide f or future expansion an additional 20 to 30 categories would 
be useful, bringing the total requirement to approximately 80 categories. 
2. Expense 
Inasmuch as no automatic data reduction equipment was avail-
able, the systems to be considered had to be of the manual type. Also, 
the funds available for purchase of equipment were limited to cpproxi-
mately $50.00. 
3. Sorting 
The data reduction system selected would, ideally, permit 
direct sortingi!- in a single operation for any one of the 55 categories 
listed above with one exception. The exception would be for a given 
state, where it would be necessary to sort for the area group first 
and then for the particular state. 
4. Customer Details 
The data system should provide space for wri t _ten identifi-
cation of the instrument serial number and account name and address. 
Such information would facilitate cross checks to eliminate duplica-
tion of information. 
5. Coding 
' 
The data system should be of such a design that the coded 
and uncoded information to be incorporated could be quickly and easily 
inserted. 
B. Data Reduction System Selected and Details of its 
EXeCution 
The general requirements of the data reduction system 
indicated that punched cards might offer a satisfactory solution to the 
~-2, pp. 17 
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problem. A review indicated that a simple 82- position punched card 
would fulfill all of the foregoing requirements . A commercially 
c.-.railable punched card was s e lected and a s ample of the card is shown 
in Figure 12. 
To facilitate notching of the punched cards , the cards are 
sometimes printed with the codes and categories shovling opposite the 
appropriate punched positions. Because of the limited number of cards 
to be us ed in this analysis, the expense of printing appeared to be 
unjustified. Alternately, it was felt that a pattern such as that 
shovm in Figure 13 would permit rapid marking of cards facilitating 
subsequent notching. 
One card was prepared for each of the known Analytrol 
customers. ~ s ampl a of a completed card i s shown in Figure 14. 
Notching was done lNi th a V punch as recommended in the Keysort 
Punchi ng and Sorting Manual. i~ Sorting was done vvi th a steel needle, 
set in a plastic handle, according to the recommendations in the 
afor ementioned manual.** 
10-15 
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Figure 12. Sample Punched Card 
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e Other 
• 
• 
• 
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• United States .lnrT 
·• United States lla~ 
e United States r Force 
. ..... 
: :t 
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• '0 
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Figure 13. Pattern for Coding Pun~hed Cards 
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Chapter XI 
The Tabulation of Punched Card Data 
The punched cards were sorted and counted to show the nurriber 
of Analytrols shipped to the various types of a ccounts. The tabulated 
results are shown in Table Iil. In connection with the Analytrols 
shipped to hospitals, it should be borne i n mind that many hospitals 
operate research l aboratories and, consequently, some percentage of 
the units shipped to hospitals are, no doubt, being used for medical 
research. 
The punched cards were recombined and sorted for the four 
governmental agencies. The results of the tabulation are shown in 
Table V. 
The punched cards were recombined and sorted for dealers and 
then for type of account. The Fisher Scientific tabulation was ad-
justed proportionally to increase the total by seven units so that the 
unidentified sales would show in the tabulations. Similarly, the 
Scientific Products Division total was adjusted, increasing the total 
by nine units. The a djusted t ab ulation is shown in Table VI 
The 99 cards for hospitals were separated and sorted for the 
number of beds. These groups were further sorted for the types of 
hospitals. The tabulation of result s is shown in Table VII. 
The 99 cards for hospital customers were selected and then 
sorted by states. Table VIII was prepared by listing the sta tes by 
total Analytrol sales to hospitals. It has already been Sho~~ in 
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TABLE IV 
OVerall "Analytrol• Sales 
According to TYPe of Account 
Hospitals 
Medical Research Laboratories 
Independent Clinical Laboratories 
Industrial Laboratories 
Agricultural Research Laboratories 
·pu.blio Health Laboratories 
other 
Total 
Total 
"Analytrols" 
99 
81 
10 
9 
4 
2 
2 
207 Units 
Percent ot 
Total Sold 
48% 
39% 
5% 
4% 
2% 
1% 
1% 
100% 
TABLE V 
"Analytrol" Sales to 
Certain Governmental Institutions 
"Analytrols0 Percent of 
Shipped Total Shipments 
Veterans Administration 25 12% 
United States ~ 7 3% 
United States Navy 0 0 
United States Air Force 2 1% 
. TABLE VI 
OVerall "Analy"trol" Sales According to Dealers 
· and Secondarily by ~ gf Account 
Independent Medical PUblic Industrial Agricultural 
Hospitals Clinical Labs. Research Labs. Health Labs. Labs. Research Labs. other 
W. H. Curtin & Co. 9 1 6 0 1 1 
Fisher Scientific* 29 2 32 1 6 1 
Scientific Products* 58 5 16 1 2 0 
Van Waters & Rogers 8 3 20 0 0 2 
-Specialized Instru-
4 ment Oompany 0 12 0 1 0 
To tale 108 11 86 2 10 4 
*Noter These figures have been proportionately" adjusted to include those "Analytrols" sold but not 
identified as to customer 
-
1 
1 
0 
0 
0 
2 
"0 
\.iJ 
.. -
TABLE VII 
"AnalytrolR Sales to Hospitals According to Number of 
Be?s in Hospital and According to Type of Hospital 
Hospitals b;r 11Ana.lytrols" Total Hospitals Percent Types of Hospitals 
Number of Beds Sold in United states* Sold c Cxt E G Ga 11 N T u 
- - --- - - - -
25 or less ;1 2,631 
-
1 
26 to 50 -1· 3,504 
-
1 
51 to 100 4 2,011 
-
3 1 
101 to 200 18 1,233 1.$ 5 12 1 
201 to 300 14 556 2.5 2 12 
.301 to 500 261 24 1 1 
501 to 1,000 20 59 960 6.0 19 1 
1,000 to 1,500 6 1 4 2 
1,$00 and up 1 ) 1 4 2 
N'llDiJer of Beds 
Unlmolfil 2 
--- - ---.:..-
Total 99 10,895 1.0 8 0 0 19 2 0 6 2 0 
* 5, pp.~ Notei -Ffgtire incl.udesGonvalescent Homes. -~----- -~----
\,() 
~ 
TABLE VIII 
List ot "Ana~rol• Sales to HosEitals bz States 
• 
"Anal." A.M.A. "Anal." Hasp. "Anal." Ord. 
Sold to Reg. per 100 Ord. · ger by Beds 10 000 Ord. 
Hosp. Hosp. Hosp •• Hosp. Thous. B eAs Beds !2h Tot. 
Ill /12 113 114 115 116 111 #8 #9 
Illinois l4 329 4.3 3 115 12.2 6 9 5 
Calif or-
nia 12 376 3.2 5 128 9.4 8 13 8 
Pennsyl-
vania 12 335 3~6 4 123 9.8 7 11 6 
New York 9 497 1~8 11 238 3.8 19 30 17 
Ohio · 6 251 2~4 8 . 84 7~1 12 20 12 
Texas 6 490 1.2 15 71 8.5 10 25 14 
Connect-
icut 4 68 5~9 2 26 15~4 3 5 1 
Kansas 4 134 3~0 6 22 18.2 1 7 3 
Louisiana 4 123 3.2 5 26 15~4 3 8 4 
MissoUri 4 153 2~6 7 44 9.1 9 16 9 
Alabama 2 111 1.8 11 24 8.3 11 22 13 
Dist. of 
Columbia 2 - 26 7~7 1 15 13~3 4 5 1 
llichigan 2. 250 0.8 18 74 2~7 23 41 25 
N. Jersey 2 142 1~4 13 59 3.4 21 34 21 
Virginia 2 120 1~7 12 . 36 5S 15 27 15 
Wisconsin 2 208 1.0 16 44 4.6 17 33 20 
Arizona 1 59 1~7 12 8 12~5 5 17 10 
Colorado 1 91 1~0 15 21 4~8 16 31 18 
Kentucky 1 114 0.9 17 27 3.7 20 37 23 
Maine 1 52 1~9 10 11 9.1 9 19 11 
Maryland 1 82 1~2 15 34 2~9 22 37 23 
lttnnesota 1 207 0~5 20 40 2 • .5 24 44 28 
Nebraska 1 106 0~9 17 17 5~9 14 31 18 
N~ Mexico 1 47 2.1 9 6 16.7 2 11 6 
North . ... ·. 
Carolina 1 182 0~5 20 34 2~9 22 42 27 
Oklahoma 1 120 0~8 17 2:3 4.4 18 35 22 
oregon 1 75 1.3 14 16 6.3 13 27 15 
Washing-
ton 1 135 0.7 
.l:2... 34 2.9 22 
-
41 25 
Total 99 6,502 1.5 1,762 5.6 (All 
States) 
Table VII that Analytrol sales were somewhat dependent on hospital size. 
To permit sales performance comparisons of the individual states, the 
number of A.M.A. registered hospitals* in each state and total number 
of hospital beds* were entered in Table VIII. A calculation was made 
for each state to show the quantity of Anal ytrols sold per 100 
hospitals. A second calculation was made for each state to show the 
quantity of Analytrols sold per 100,000 hospital beds. Column four 
of Table VIII gives the place of each state when compared for Analytrol 
sales per 100 hospitals . Similarly, colQ~n seven gives the place of 
each state when compared for Analytrol sales per 100,000 beds. 
The 82 cards for medical research customers were selected 
and then sorted by state. Table IX was prepared by listing the 
states by total Analytrol sales to medical research customers. 
Medical research institutions are quite varied in character, 
arid very difficult to summarize and compare, so it was concluded that 
a compromise must be made to obtain comparative sales performance in-
formation. In the United States, medical research began in medical 
schools and is, to a great extent , still centered around them. 
Probably the best indicator of a state's medical research activity is 
the number of medic2l schools, and the number of medical students in 
that state. For these reasons, the number of medical schools in each 
state~* was entered in Table IX along with the number of medical students. 
A calculation was made for each state to show the quantity of Analytrols 
sold per medical school. A second calculation was made to show the 
quantity of Analytrols sold per 1,000 medical students. 
* , PP• 2-3 
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. TABLE IX 
List of ".Ana]Jtrol" Sales to 
Medical ~esearch Laboratories by States 
No. or · No. of "Anal." per "Anal.• 
"Anal." Sold Medical Students Medical per 1,000 
Medical Res. Schools 54-25 School Mad. Stud. 
California 19 5 1,484 3.8 12~8 
Maryland 10 2 ·698 s.o 14~3 
Illinois 6 5 21096 1~2 2.9 
New York 6 9 3;439 0~7 1.7 
Pennsylvania 5 6 2;639 o.a 1.9 
Texas 3 .3 1,351 1.o 2.2 
Ohio 3 3. 1;262 1.0 2~4 
Dist. Columbia 3 .), 1,104 1.0 2.7 
UissoUri · 3 l 942 l•O 3.2 
Washi~ton 3 1 287 3.0 lOS 
LoUisiana 2 2 964 1 •. 0 2~1 
Florida 2 1 75 2.0 26~3 
Georgia 2 2 589 r.o 3.4 }l:innesota 2 t 490 2.0 4.1 
Montana 2 0 ·o 
Connecticut 1 1 303 i.o 3.3 
Michigan 1 ~ 1,005 o.s 1.o 
'Alabama 1 1 295 i.o 3~4 
C~lor~o .. 1 l ·. 305 hO 3.3 
vassachusetts 1 3 1,268 d • .) .B 
N ~ ' · daroliina 1 ~ 742 0•3 1~3 
OklB.boma· 1 J. 380 1.0 2.6 
oregon 1 i 267 1.0 3.9 s •.. carolina 1 275 1~9 3~6 
Utah 1 1 198 1.0 5.5 
.li'kaitsas 0 1 318 
X#di~a 0 1 575 
IO..a 0 i 458 
Kansas 0 i 456 
Kentucky 0 t 381. 
Mississippi 0 l 113 
Nebraska 0 2 644 
N • Hampahire 0 1 46 
!J! Dakota 0 1 70 
s. Dakota 0 1 6) 
'1'4Hinessee 0 3 1,213 
Vermont 0 l 189 
VirgiDia 0 ? 664 
w. Vtrginia 0 l 61 
Wisconsin 0 2 109 
Total 81 82 27,605 
Chapter XII 
Comparison of Analytrol Sales with Total Customer Potential 
As indicated by the results shown in Table IV, two major 
markets have been developed for the Analytrol; hospital laboratories, 
and medical research laboratories. Although the figures show 48 percent 
of the f.Ulalytrols sold have gone to hospitals, it is probable that at 
least half of these instrum~nts actually are primarily used in medical 
research. Should this be the case, then medical research laboratories 
would appear to be the major source for sales. The routine clinical 
laboratories of hospitals would then be the second market which had 
shown a measure of development. 
Such a sales pattern would be normal for this product for 
several reasons: 
1. Spinco Division is best knovm and has greatest 
customer acceptance in the medical research field. 
2. Before releasing new techniques and equipment to 
the routine clinical laboratory, the doctors 1 
supervising usually evaluate the technique and 
equipment in the research laboratory. 
3. Research personnel are always on the lookout for 
new methods to solve their problems and find it 
easier to justify the purchase of new equipment 
than most routine hospital laboratories. 
For the long-term future, the hospital field would seem to 
have a much greater potential than the medic al research field for t wo 
reasons. First, the medical research market is smaller than the 
hospital market. Second, the Model R System was designed for clinical 
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use rather than research. It is possible to obtain greater accuracy 
with other more elaborate equipment . Most research workers would 
prefer to obtain data of the greatest accuracy and would, no doubt, 
purchase the more elaborate equipment even at the higher price . 
A closer look at the hospital market is warranted . A review 
of Table VII indicates that 91 out of 97 Analytrols sold to hospitals 
were sold to institutions 1nth 101 beds and up. Approximately 80 
percent of the Analytrols sold went into general hospitals while o 
percent went into childrens 1 hospitals and 6 percent went into mental 
hospitals. It is apparent from Table VII that the hospital market 
has just been scratched in that Analytrols have been delivered to but 
1 . 5% of the 101 to 200 bed hospitals; to but 2 . 5% of the 201 to 300 
bed hospi ta;J..s; and to but 6% of the hospitals ·with over 300 beds . The 
potential sale to hospitals with over 100 beds is approximately 2,500 
units. A certain potential can also be realized from hospitals of 
less than 100 beds and an approximate figure would be 1,000 units. 
A geographical comparison of sales performance is made in 
Table VIII. The states are listed in order of decreasing Analytrol 
sales to.hospitals . 
A state by state comparison of hospital sales realized, 
against the state's potential would be helpful in shovdng where greater 
merchandising efforts should be directed. Inasmuch as sales potential 
varies with both the number of hospitals and the number of beds in 
those hospitals, some sort of campsite index would best perwit state 
by state comparison. A rating which contained both the sales per 
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100 hospitals as well as the sales per 100,000 beds was developed as 
foll ows: 
1. The states were rated in order according to 
sales per 100 hospitals . 
2. The states were rated in order according to 
sales per 100,000 beds. 
3. The place in which each state fell in 1. above 
was added to the place in which each state 
fell in 2., and then the states placed in 
order according to the sums. 
4. The composite index was used to prepare the map 
shown in Figure 15. The first ten states sales-
wise are shown in dark pencil. The eleventh 
through nineteenth states s aleswise are shown 
in lighter grey pencil. The diagonally shaded 
states are twentieth through twenty-eighth 
s alesvuse. The unmarked states are ones in 
which no Analytrol sales had been made to 
hospitals 
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The first major market, developed for the Analytrol undoubtedly 
has been the medical research market. Table IX shows a list of states 
in decreasing order of Analytrol sa l es. An indication of medical re-
search activity is shown in the adjacent listings of number of medical 
schools and number of medical students. For comparison purposes a 
calculation was made to show the number of Analytrols sold per 
medical school. A second calculation was made to show the number of 
Analytrols sold per medical student. 
A maximum of five Analytrols per medical school was shovm 
in the state of Maryland . This high figure is no doubt reflective of 
the unusually great amount of medical research activity at the National 
Institutes of Health and at the National Naval Medical Center, both of 
which are located in Maryland. It would be better to use the figure of 
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-...... ... 
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which are located in Maryland . It would be better to use the figure of 
3.8 Analytrols per medical school as an indication of the sales pene-
tration which should be realized from medical schools. Use of this 
.figure gives a total realizable sales potential of 311 Analytrols . 
Inasmuch as 81 instruments have already been sold, a.n approximate 
potential would exist for 230 Analytrols in the medical research 
market. 
A check of the above figure of 230 potential sales for the 
Analytrol can be made by using the Analytrol sales per 1,000 medical 
students ratio. Using the 12.6 figure obtained for California, a 
total realizable sales potential of 353 Analytrols is obtained. Sub-
tracting the 81 instruments already sold gives an approximate potential 
of 272 Analytrols . An averagefigure for Analytrol sales potential 
would be at least 250 instruments to the medical research field. 
Just as California and Maryland are outstanding with respect 
to AnalJ~rol sales success in the medical research field, other states 
such as Tennessee, Nebraska, Massachusetts, North Carolina, Michigan, 
New York and Pennsylvania apparently have shown little sales penetra-
tion in view of their potential. 
Independent clinical laboratories have accounted for the 
sale of 10 Analytrols. Should the ratio of 10 sales to hospitals to 
every one to a clinical laborato~ hold, then, with a hospital 
potential sale of 3,500 units, a clinical laboratory potential of 350 
units would not be out of order. · Subtr~cting the 10 units already 
sold, a figure of 340 Ane1.lytrols might be expected as a logical 
potential. 
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Before any sort of reliable market potential could be de-
rived for the industrial f ield, the agricultural research f ield or 
the public health field, more information about the applications for 
the equipment in these fields would have to be obtained. · 
Adding the potential Analytrol sales for hospitals, 
medical research and clinical laboratories, a figure of 4,090 units 
is obtained . It would appear that sales amounting to only five 
percent of the actual potential in the medical field have been 
realized with the greatest future potential lying in the hospital 
laboratory market. 
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Chapter XIII 
Conclusions and Recommendations 
A. Conclusions 
The customers for the .~~alytrol, a recording densitometer, 
have been determined. The customers have been categorized and a 
method developed for quickly analyzing and tabulating the information. 
The medical market has been subdivided into medical research, hospitals 
and independent clinical laboratories, and the past sales studied and 
compared with the potential market. Although a few sales have been 
made to other markets such as industrial laboratories, agricultural 
research laboratories and public health laboratories, there is 
insufficient information presently available on applications of the 
Anal ytrol in these fields to permit market analysis. 
The largest potential market is that of the hospital 
laboratories. A considered estimate of 3,500 potential Analytrol 
sales had been made. The pattern of past sales indicat es that the 
majority of new sales may be expected from general hospitals with a 
substantial portion from children's hospitals and mental hospitals. 
A majority of Analytrols sold to hospitals have been delivered to 
institutions wi th over 300 beds. Sales in the near future will 
undoubtedly continue to be made in l arge number to hospitals of over 
300 beds. However, as time goes on, the 100 to 300 bed hospitals 
will develop into a large factor and eventually the under 100 bed 
hospitals vd.ll be responsible for as many as 1, 000 Analytrol sales. 
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There ar e 21 states in which no Analytrols have been reported as sold 
t o hospi t al accounts . 
The market responsible for the greatest number of Analytr ol 
sales to date is the medical research market. Estimating that sales 
penetration throughout the United States may be made to equal that 
experienced in California, there would appear to be a future sales 
potential of at l east 250 Analytrols to this market. Medical schools 
should furnish the greatest source of potential sales in this field 
with private foundations formin_g another major source for sales. 
There are 20 medical schools located in states in which no Analytrol 
sales have been made to medical research institutions. 
A total of 10 Analytrols were reported to have been sold 
to independent clinical laboratories. Should the ratio of hospital 
sales to clinical laboratory sales continue at the present rate of 
ten to one, a potential of 340 sales should be realized . 
The medical market has a potential of 4,090 Analytrol 
sales V"r.i th the majority concentrated in the hospital market, . 
B. Recommendations 
A new merchandising program should be instituted on the 
Model R System and t he Analytrol. The program should recognize three 
areas of need, advertising and promotion, dealer area representation, 
and education of and incentives for the dealer salesman. 
The new advertising and promot ional program should be 
directed toward the medical market with major emphasis on the hospital 
market . The copy for advertisements , brochures and stuffers should 
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emphasize the routine nature of the tests performed and might profitably 
mention some or all of the hospital accounts already sold. The useof 
s erum protein analysis as a means of screening patients in a general 
hospital should be emphasized. The feature of the micro serum s ample 
should be emphasized to appeal to laboratories serving children's 
hospitals. The use made of the Model R System in mental hospitals 
should be investigated and the feature appealing to these customers 
also emphasized in the sales copy. The use of direct mail to general 
practitioners to draw their attention to the information which can be 
obtained from serum protein analyses should be seriously considered. 
More calls for serum protein analyses would certainly result in 
greater instrument sales. 
The performance pattern of sales to the hospital and 
medical research fields should be reviewed with the various manage-
ments of the dealers representing Spinco Division. The areas of sales 
weakness should be discussed and commitments obtained from these 
dealers as to the areas in which Spinco Division may expect more active 
representation. The addition of new dealer representation should be 
considered for those areas of sales weakness where present dealers do 
not anticipate they will be able to improve representation. When con-
sidering new dealers, coverage in the medical laboratory market should 
be one primary consideration with particular emphasis on the hospital 
portion of the medical laboratory market. 
A program of education should be undertaken to acquaint the 
dealer salesman vd. th the potential market for the Model R System and 
the Analytrol. The information presented in this report should be 
condensed, summarised and distributed to the deale r salesmen to assist 
them to better direct their sales efforts . The dealer salesmen 
should be informed of the design improvements which should result in 
decreased service requirements. The program for servicing all 
Analytrols in customers' hands, to install design improvements, should 
also be presented to the dealer personnel. Because the first sale of 
equipment to a given area is usually the most difficult, an incentive 
progrrun should be considered to reward salesmen making the first sale 
to designated areas and accounts . One basis for such a program might 
be the first Analytrol sale to a hospital account in each state in 
Which there is presently no hospital customer. Similarly, the in-
centive program could reward the salesman making the first sale to a 
medical research account in a state. 
Finally, the Model R System customers in industrial 
l aboratories, agricultural research laboratories and public health 
l aboratories should be contacted. The various applications being 
utilized should be studied and .the market potential for customers 
having a similar need evaluated . 
The future market for the Model R System and the Analytrol 
appears to warrant an aggressive merchandising program • • If efforts 
are directed as outlined above, a realization of sales of as many as 
4,090 Analytrols may very well be realized. 
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Appendix I 
Spi nco Model H Electrophoresis-
Dif fusion Instrument Brochure 
2 
CoMPLETE ELECTROPHORESIS and diffusion facilities 
for high-precision research are combined in a single laboratory-
type cabinet in the Spinco Model H instrument. Occupying a 
floor space 8 ft by 30 in. , the unit includes multiple optical 
systems arranged for rapid and efficient use as well as an optimum 
of automatic features. The instrument is constructed, tested, and 
shipped complete for simplified installation without structural 
or building modifications in the laboratory. Controls and oper-
ating units are located for ease in operation and accessibility 
for service and adjustments. 
For the analysis, study, and identification of electrically-active 
particles by electrophoresis, and for precise diffusion measure-
ments, the Model H provides expanded utility in the biological-
and chemical-research fields. Applications include well-estab-
lished procedures relating to blood serum and plasma, hormones, 
enzymes, amino acids, viruses, etc., as well as many newly opened 
avenues of investigation. 
OTOGRAPHIC PLATE, or 
;ving screen, conveniently 
tted in the working surface. 
:hanical scanning is pro-
ed by built-in motor drive. 
it uses standard 4- by 5-in. 
•PTICAL HOUSING contains ele-
tents mounted on optical track, 
:cessible through dust-protective 
in o-ed door. For further details on 0 
:1e optical system see page 4. 
CONTROL PANEL c etail shows ar-
rangement of left section of instru-
ment panel. A ll normal fu nctions 
of the instrument are under the con-
trol and within the reach of a single 
operator. Scope of a uto matic 
photography is shown by control 
markings. 
STRONG TUBULAR mem-
ber forms rigid support for 
optical elements. Entire in-
ner assembly of optical 
system and controlled-tem-
perature bath is separately 
suspended on vibration-
absorbing mounts. 
WATER BATH, refrigerated, 
thermostatted, insulated, con-
tains triangular rotary turret 
holding three cell racks. 
Turret-rotating motor drive 
is remotely controlled from 
CONTROL UNITS 
for three calibrated 
and automatically 
regula ted power 
supplies provide in-
dependent selective 
current for each 
cell. 
REFRIGERATION UNIT which 
maintains controlled-temperature 
bath at selected temperature is in-
dividually suspended on vibration-
absorbing mounts. 
3 
OPTICAL SYSTEM containing 
high-precision elements is ar-
ranged to provide double sensitiv-
ity-a feature of the Spinco Model 
H Electrophoresis -Diffusion 
Instrument. The optical system is 
designed for observation and pho-
tography by five different methods, 
i.e., ordinary schlieren, cylindri-
cal-lens schlieren, Rayleigh inter-
ference fringes, Gouy fringes, and 
mechanical scanning. Through a 
special optical arrangement, an en-
larged image of the Gouy pattern 
is reproduced at the plateholder. 
The second and third can be re-
corded simultaneously. 
A hood with a Ramsden viewer is 
included for use under adverse 
light conditions. 
ELECTROPHORESIS OF HUMAN SERUM 
DILUTED 1:6. ASCENDING BOUNDA· 
RIES ; RAYLEIGH FRINGES A N D 
I NCLINED KNIFE-EDGE SCHLIEREN 
OPTICS 
10 
II 
12 
13 
0 PTICAL PATH (illustrated above) starts from ( 1) Type 
AH4 mercury-vapor lamp. It passes through (2) light-
source condensing lens, reflects from ( 3) light-source mirror, 
ELECTROPHORESIS OF HUMAN 
PLASMA DILUTED I :6. DESCENDING 
BOUNDARIES; RAYLEIGH FRINGES 
AND PHASE-PLATE SCHLIEREN 
DIFFUSION OF 0.75 PER CENT SUC 
AGAINST DISTILLED WATER. 
LEIGH FRINGES AND IN CLI 
KNIFE-EDGE SCHLIEREN 
DOUBLE SENSITIVITY is attained by causing the light beam to 
pass through the cell twice, as shown in this schematic view. 
Lenses are of the highest quality with spherical aberration, coma, 
astigmatism, distortion, and curvature of field minimized. De-
gree of achromatization permits photography in green, yellow, 
or red regions of the spectrum. The complete optical system is 
protected from dust but kept accessible for cleaning, changing 
of analyzer elements and making various adjustments. 
:1 (4) filter and slit assembly. Filtered light 
ght immediately below the work surface, 
schlieren lens ( 5) and passes through con-
:rolled-temperarure bath window (6). This col-
.imated light passes through the cell (7), reflects 
:rom cell mirror (8), and is thus re-directed for 
1 second passage through the cell. Traveling to 
:he left, the light again passes through the 
;chlieren lens (5) and is converged into an im-
ige of the slit shortly after being directed at a 
:lownward angle by the first camera mirror (9). 
Along the optical track the light now passes 
mccessively through the interchangeable schlie-
ren diaphragm or phase plate (10) the camera 
lens (11) and a cylindrical lens (12). Mirror 
(13) projects the image vertically onto the 
photographic plate or viewing screen (14). 
ENLARGEMENT OF DIFFUSION FRINGE 
P ATTERN SHOWN AT LEFT 
OPTICAL SYSTEM is arranged for the greatest 
possible accessibility of elements. Proximity of the 
viewing screen, where the cell image is reproduced 
at unit magnification, permits a single operator to 
observe and make adjustments simultaneously. 
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WATER BATH, shown above, is thermostatically controlled 
to a temperature variation less than ± 0.02 C, has provision for the 
support of three simultaneously operating cells. This permits any 
combination of the following to be observed and photographed 
in any sequence: the 11-cc standard electrophoresis-diffusion cell; 
the 2-cc electrophoresis-diffusion cell; and the macro (prep arative) 
electrophoresis cell. 
Rotary cell turret, visible above, is smoothly rotated into position 
from a motor-drive control on the instrument panel. Separate elec-
trode connections to individual power supplies are provided and 
it is possible to carry on any combination of electrophoresis and 
diffusion simultaneously with three different cells. 
Detachable motor-driven boundary sharpener (not illustrated), 
complete with rack-and-pinion movement for positioning needle 
CELL M 0 U NTI NG arrangement 
for Spinco Model H Electrophore-
sis-Diffusion Instrument. Entire as-
sembly can be gently lowered into 
position on rotary turret and posi-
tively positioned by self-aligning 
tapered mounts. Both electrolytic 
and mechanical bi-directional com-
pensation are provided in each cell 
unit for hydraulically displacing or 
compensating boundaries. 
TUNING NULL INDICATOR can be 
switched among three power-supply 
panels to establish current-control 
range for each. 
ELECTRONIC BANK of the 
calibrated regulated current 
supply which provides up to 
50 milliamperes at 300 volts 
(optical dust tube and guard 
screen removed). Potentio-
metric check of output current 
is not required. Setting a selec-
tor knob and tuning for null 
indication gives an output 
within ± 0.1 per cent of rated 
current-continuously con-
trolled by automatic compari-
son with a standard cell. 
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POWER SUPPLY CONTROLS permit 
individual establishment of current 
through each cell. Run time indicated 
by elapsed-time counters on panel. 
SPEC IF I CATIONS 
spinco model h electrophoresis-diffusion instrument 
DIMENSIONS: Length, inches 98 
D epth, inches 30 
Overall height, inches 48 
Height to working surface, inches 41 
WEIGHT: N et, p ounds 1600 
Shipping , pounds 2400 
ELECTRIC POWER: (sing le p hase) 
Voltage, a-c volts 100-150/ 180-240 
Frequency, cps (to be specified ) . 50/ 60 
Current, maximum amperes 20 
CELL-TURRET 
CAPACITY: 3 ind ividual cell racks 
CELLS: Micro Electrophoresis-Diffus ion, cc 2 
Standard Electrop horesis-Diffusion, cc 11 
Macro Preparative, cc 80 
CELL POWER SUPPLIES: (3 units individually calibrated and regulated ) 
Voltage, d -e maxim um volts 300 
Current, d -e milliamperes (in 24 d iscrete steps) 0.25 to 50 
Current regulation, per cent ± 0.1 
PLATES OR FILM: Size, inches 4x5 
CONTROLLED 
TEMPERATURE BATH: Temperature variation, maximum deg C 0.02 
MODEL H INSTRUMENTS AR E SUPPLIED WITH ALL EQUIP-
MENT AND SPARE PARTS FOR STANDARD OPERATION 
4?4 __ B_eckrnan·, In strum en ts , I nc. 
~ S vinco .nivisi.on sE.LMoNr . cALIFOR ('.I IA Form I 
OIR-1 
- --
-
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Appendix II 
Model R System Operat ing I nst r uctions 
SPINCO MODEL R 
PAPER ELECTROPHORESIS SYSTEM 
OPERATING INSTRUCTIONS 
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I. CELL 
0 
CELL COVER 
PAPER STRIPS 
RUBBER PEGS 
DRYING RACK 
GLASS RODS 
SUPPORT STAND 
PAPER WICK 
CELL I. 
SPINCO MODEL R CELL (Series C) 
I. OPERATION 
A. SET UP CELL 
1. Insert the four removable baffles . The cut-
back edge must be at the bottom .* 
2 . Insert w ick supports* in outside grooves w ith 
fresh fi l ter paper wicks, No. 300-029,t in 
place. The wicks should face toward the 
outside. 
3 . Place eight No. 300-028 paper strips on ex-
tended dryi ng rack . 
To maintain uniform cond itions within the 
cell use eight strips even though sa mples 
are applied to onl y one or two . 
4 . The support stand should straddle the center 
partition . 
5. Place ex tended dry ing rack on support stand. 
6. loosen thumb nuts and sw ing legs of dry ing 
rack dow n as far as they w ill go . Ti g hten 
thumb nuts . 
B. INTRODUCE BUFFER, SATURATE STRIPS, COVER 
CELL 
1. Prepare 1 liter of buffer solution . 
2. Pour about three-fourth s of the buffer solu-
tion into the cell vessel. The buffer solution 
should be at w hat is to be the a mbient tem-
perature during the run . 
3 . Put on cover, engaging locking tab. 
4. Use funnel to direct remaining buffer onto 
top of paper strips . Run funnel back and 
forth along the cover-slot to w et dow n all of 
the strips. 
5 . Make sure the ends of the w et strips are in 
contact with the wicks . 
The w et w icks should cl ing to the ir sup-
ports . If necessary, I ift the cell cover a 
little and use glass rod to bring strips in 
contact with wicks. 
6 . Seal cover-slot with tape prov ided. 
* Baffles and wick supports supplied with cel ls desig-
nated " Series B" are not cut-back at the botto m. They 
are not interchangeable w ith the cut-back ty pe baf-
fles and supports. 
t Six digit numbers identify replacement parts listed 
on page 20. 
., 
FIG. 7. CONTACTING STRIPS WITH WICKS 
FIG. 2 . WICK ASSEMBLY 
FIG. 6. WETTING STRIPS 
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I. CELL 
C. EQUALIZE FLUID LEVELS* 
Raise the end of cell (opposite electrical con-
nectors) one or two inches for about .15 seconds. 
The port in the center-partition near the con-
nector-end permits equa l ization of fluid levels. 
CAUTION: Be sure power to the cell is turned 
off before equalizing fluid levels since the tem-
porary liquid connection through the center-
partition constitutes a short circuit . 
The solution level should be at least l / 16 
inch above the fluid baffles and 1/ 16 inch 
below the removable baffles. 
D. LET DRAIN 
Allow fifteen minutes for excess liquid to drain 
from strips and for the closed ce ll to become 
saturated with water vapor. 
E. APPLY SAMPLE 
1. FILL MICROPIPETTE 
a. Draw samp le to just above the mark on 
the micropipette No. 300-8 16. 
The capacity of the striper is 3 to 20 
lambda (1 lambda= 0.001 milliliter.) 
b. Wipe pipette tip and draw column of 
liquid exactly to mark with absorbent 
tissue. 
2 . TRANSFER TO SAMPLE STRIPER 
a . Place tip of pipette bet~een the wires at 
one end of striper . Deliver lf2 to 3/4 of the 
samp le while drawing pipette to other 
end. 
b. Carefully expel samp le to zero mark of 
pipettei' and remove pipette from wires. 
3. APPLY TO PAPER STRIP 
a. Remove tape from cover-slot. 
b . Place striper on middle glass support rod 
and ca refull y center over paper strip. 
c. Depress red button and hold for 2 or 3 
seconds then remove striper. 
d. Wipe wires with absorbent tissue before 
proceeding with next sample . :~ 
e. Replace tape over cover-slot. 
F. CONNECT DUOSTAT 
For Single-Cell Operation 
1. Connect cel l. Unused connector must be 
*Does not apply to early model cells with equa lizi ng 
channel . 
tPipettes which have no zero mark should be com-
pletely emptied. 
:j:Metal part of striper may be pulled completely out 
for thorough cleaning. 
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FIG. 8. RAISING CELL TO EQUALIZE LEVELS 
FIG. 9. 
ELECTROLYTE 
LEVEL 
~ FIG. 10. FILLING THE STRIPER 
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FIG. 11. APPLYING SAMPLE 
plugged into back of Duostat to complete 
safety interlock circuit. 
2. Set desired vol tage or cu rrent . 
For· Two-Cell Operation 
1. Connect Cells. 
2 . Set desired voltage or set twice the current 
desired for a single cell. 
See "DUOSTAT OPERATION," page 6. 
G. PROCEED WITH ELECTROPHORESIS 
Let run continue for prescribed time. (See page 
1 7 for "SERUM ANALYSIS.") 
To keep temperature outside of ce ll s as uni-
form as possible, cell should be at least 8 
inches from the Duostat and not exposed to 
direct sunlight or any other directional source 
of heat or draft. 
H. TERMINATE RUN 
1. Turn Duostat to OFF position . 
2. Unplug connector from cell and remove 
cover. 
3. IMMEDIATELY after the cover is removed, 
loosen thumb screws on drying rack. With-
out removing the drying rack from the sup-
port stand, open rack to its extended position . 
4 . Tighten thumb screws before lifting the ex-
tended rack from the support stand. 
It is important that after the power has 
been disconnected liquid flow into the 
strips be stopped in this manner since 
such flow will impair resolution . 
I. DRY THE STRIPS 
Immediately place drying rack in preheated 
oven. See page 17 for required time and tem-
perature for "SERUM ANALYSIS." 
Ordinarily, the drying oven shou ld be 
held between 120 and 130 degrees C. 
The space allotted to drying paper strips 
should not receive the direct radiation of 
a heating element nor be in the strong 
draft of a fan. A grill or perforated sheet 
should support the drying rack in the cen-
ter of the oven. 
II. STAINING- RINSING 
1. Transfer dried strips to staining and rinsing rack 
No. 300-827. 
2. Immerse rack with 8 strips in dye and rinse baths 
for prescribed time (see page 1 7 for "SERUM 
ANALYSIS.") Use 1 liter of solution in each tray. 
3. Remove and blot strips between clean blotters 
No. 300-839. 
4 . Return strips to drying rack or illustrated trans-
fer rack No. 300-837. * The use of the transfer 
rack will free the drying rack for another run. 
5 : Oven or air dry as prescribed (see page 18 for 
"SERUM ANALYSIS.") 
*Availab le as an accessory, not included in or iginal 
equipment. 
CELL II. 
FIG. 12. CONNECTION FOR SINGLE-CELL OPERATION 
FIG. 13. CONNECTION FOR TWO-CELL OPERATION 
FIG. 14. BATHS READY FOR STAINING AND RINSING 
FIG. 15. ACCESSORY TRANSFER RACKS 
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DUOSTAT 
SPINCO MODEL R DUOSTAT 
FIG. 16. ARRANGEMENT OF DUOST AT CONTROLS 
Output Selector is used to choose the 
type of regulation desired; i .e., CON-
STANT VOLTAGE or CONSTANT 
CURRENT, and to se lect the range 
which includes the desi red operating 
voltage or current. 
Output Adjust is used: Meter Range switch d e te rm ines 
whether the meter indicates vo ltage, 
VOLTS or current in milliamperes, 
MA. The indicated meter read ing 
must be multipl ied by the multip l ier 
to which the swi tch is set. 
1. To turn the unit on and off. 
2 . To adjust for the desired vol tage or 
current value within the range se-
lected an the OUTPUT SELECTOR. 
Adjustment is made by bri nging 
the meter to the desired value. 
Twa special connecto r plugs at the ends of 3-ft rubber 
cords attached to the Duostat, serve to bring power to 
the cells and complete the safety interlock circuit . The 
connectors a re po larized to permit reversal of current 
direction through the cell by interchanging p lugs. 
OPERATION 
1. Be sure middle knob is in OFF posit ion and then 
plug into 105- 125 vo lts, 50 or 60 cycle outlet. 
2. Connect Duostat to cell(s) (see page 5). 
3 . For CONSTANT VOLTAGE operation set OUTPUT SE-
LECTOR to the range which includes the desired 
operating voltage. 
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Fo r CONSTANT CURRENT operation set OUTPUT SE-
LECTOR to t he range which includes the desired 
operating current. 
4. To rea d operating vo ltages: 
From 0 to 150 vo lts, set METER RANGE to x30 VOLTS. 
Above 150 volts, set METER RANGE to xl 00 VOLTS. 
To read operating current: 
From 0 to 5 MA, set METER RANGE to xl MA. 
From 5 to 1 5 MA, set. METER RANGE to x3 MA. 
Above 1 5 MA, set METER RANGE to x 1 0 MA. 
Note : Meter range switch may be changed without 
disturbi ng the output. 
5 . Turn OUTPUT ADJUST clockwise to turn on Duosta t. 
Pilot light wi ll come on. 
Ad just thi s knob unti l the meter reading , multipl ied 
by the se lected mul t iplier, indicates t he desi red 
value. 
I. ANAL YTROL 
FIG. 17. ANALYTROL WITH COVER REMOVED AND PARTIAL CUTAWAY OF CABINET 
1 . Pen Lift Button 7. Zero Index Window 13. Servomotor 
2 . Lens Mount 8. Rear Photocell Locking Screw 14. Lamp Base Screw 
3 . Lamp 9 . Rear Filter 15. Calibration-Filter Knob 
16. Slit Width Selector 
4. Chart Roller 10. Balancing Cam 17. Front Filter 
5. Drive Roller 11. Cell Potentiometer 18. Hand crank 
6 . Pen Lift-Bar 12. Servomotor Locking Screw 19. Strip Engaging Lever 
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FIG. 18. FUNCTIONAL SCHEMATIC OF ANAL YTROL 
1. Measuring Photocell 8. Heat Absorbing Glass 15. Zero Adjust Knob 
2. Paper Strip 
3. Paper Strip Drive 
9. Lightsource 
1 0. Rear Filter 
16. Amplifier Servo 
17. Converter 
4. Slit Aperture 11. Balancing Aperture 18. Servomotor 
5. Front Filter 12. Balancing Cam 19. Constant Speed Disk 
6. Recording Pen 13. Chart Paper Drive 20. Constant Speed Motor 
7. Lenses 14. Balancing Photocell 21. Integrator 
I. DESCRIPTION 
The ANALYTROL is a calibrated recording photometer 
and automatic integrator. 
The PHOTOMETER will measure and record the light 
absorption of a stained paper strip, photographic 
emulsion or a liquid sample contained in a test tube 
placed before the measuring element. 
The INTEGRATOR produces a saw-tooth pattern rep-
resenting the area under the photometer curve imme-
diately abov e . 
PHOTOMETER 
Two photovoltaic cells, a measuring cell, and a balanc-
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ing cell, are illuminated by a tungsten lightsource. * The 
light which falls upon the measuring cell passes 
through the paper strip to be scanned and w ill v a ry 
with the intensity of the light-absorbing material o n 
the strip. light reaching the balancing cell passes 
through a variable aperture . Any unbalance in t he 
output of the two photovoltaic cells is amplified a nd 
fed to a servomotor which varies the height of this 
aperture and thus the amount of light reaching t he 
balancing cell , to produce balance of cell output. Vari-
ation of aperture size is accompli shed by rotation of a 
*A special u-v lightsource is available. See page 13. 
disk of varying radius, the balancing cam. The record-
ing pen is directly coupled to give travel proportional 
to cam rotation. 
The relation between measured light intensity and 
amount of pen travel; i . e., the plotted function and 
the sen siti v ity of the instrument, is determined by the 
shape of the balancing cam . The B-3 cam, for exa mple, 
when used to scan filter-paper electrophoresis strips 
prepa red b y a variety of procedures w ill produce a 
plot linea r with sample concentration. Since the design 
of this ca m is based upon the procedure for serum 
ana lys is outlined on page 17, possible deviation from 
linearity with other procedures must be determined 
experimentall y . Other cams are av ailable (see pg . 11 .) 
INTEGRATOR 
A saw-tooth integration trace, drawn by a second pen, 
is p roduced by a rocker arm w hich rides on the per-
iphery of a rachel-like wheel. A flexible cable trans-
mits the movement of the rocke r through a linkage rod 
to the integrator pen. Turning with the ratchet wheel 
is the integrator w heel w hich is in friction contact with 
a horizontal constant-speed disk . The speed of rotation 
of the integrator wheel is determined by its position 
a long the radiu s of the con stant-speed di sk . The move-
ment of the integrator wheel along the radius of the 
d isk is linked to the movement of the recording pen. 
Hence, the speed of the integrator wheel , and thus the 
number of sa w -teeth per unit chart length, is propor-
tional to the position of the photometer recording pen. 
ANAL YTROL II. 
Since the motor which dri ves the constant-speed disk 
also drives the chart paper and the strip to be scanned, 
there exists a fixed ratio of integrator revolutions per 
unit length of chart paper for any given pen position . 
OPERATING CONTROLS 
The electronic section , i. e. , the amplifier, is turned on 
by the POWER switch which also controls the power 
to the other switches. 
The lightsource and ventilating fan are turned on 
by the LAMP switch. The strip and chart-paper drive 
and integrator input are controlled by the FEED switch . 
The PEN switch connects the servomotor which posi-
tions the recording pen and the integrator wheel. 
With the PEN switch off, the recording pen and 
integrator wheel may be positioned manually by the 
hand crank at the front of the instrument. 
The strip to be scanned is clamped between rollers 
when the engaging lever at the front of the instru-
ment is swung dow n. 
The chart paper is held in contact with the drive 
rollers by the weight of the chart roller . The roller and 
the pens are raised by pulling out the pen-lift button . 
Rotation of the unlabelled knob in the right top 
corner of the front panel introduces a calibrated neu-
tral density filter in the light path . The filter provides 
a reference for calibration . * 
*In instruments serial 413 and below the filter is intro-
duced and removed from the front filter holder. 
FIG. 19. OPERATING VIEW OF ANALYTROL 
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The ZERO-ADJUST knob on the right side and the 
cell potentiometer at the right rear of the instrument 
are used to adjust the position of the recording pen at 
the bottom and near the top of the scale, respectively . 
The SLIT WIDTH selector at the front of the instru-
ment permits the choice of one of 5 slits, from left to 
right, 4, 2, 1112, 1 and lf2 millimeters wide. The sl its 
are centered in the aperture by al ign ing the appro· 
priate mark on the selector with the right edge of the 
cell housing . 
The Analytrol operates from 115 volts, 60 cycle 
mains,* and draws 1 75 watts. 
A ground wire is provided for safe operation . 
IMPORTANT: When first put in operation or w heneve r 
other than routine adjustments have been made,t 
Analytrol performance should be checked as out· 
lined on pages 15 and 16. 
Use the B-3 cam and the blue-glass light filters w hich 
are shipped in place to scan paper strips prepared by 
the procedure outlined under the heading "SERUM 
ANALYSIS" page 1 7. 
II. OPERATION 
A. SCANNING PAPER STRIPS. 
1. Turn on POWER and LAMP switches and allow at 
least 15-minute warmup. 
2. Center slit of desired width by aligning appro-
priate mark on the SLIT WIDTH selector with 
roght edge of the front photocell. 
Select a slit sufficiently wide to suppress the 
paper noise without materially decreasing the 
height of sharp peaks. 
3 . lift pen guard to fill pens. 
* Or otherwise as indicated on the na meplate of the 
instrument. 
t lamp or vacuum tube replacement, change in slit 
height or width, etc. 
ZERO (EXAGGERATED} 
4 . Add 2 or 3 drops of No. 300-568 ink to pens 
alongside pen cleaners. 
5 . Prime pens with pen cleaners; lower pen guard. 
6 . Swing up engaging lever to insert paper strip 
to be scanned. A pattern-free region of the 
strip must be behind the photocell for zeroi ng 
the instrument. The strip should rest on the str ip 
guide. 
7. Swing engaging lever down to clamping posi-
tion . 
8. Pull out pen-lift button to insert chart paper No . 
300-542 . The sheet must be squared up against 
the front paper guide. 
9 . Press in pen-lift button. 
10. Turn on PEN switch . 
Note: If pen does not come within 3 mm of zero 
line, calibrate as in steps 4 to 7 on pages 15, 16. 
11 . Turn on FEED switch until severa l centimeters of 
the pattern-free end of the strip have been 
scanned. Turn off FEED. 
Irregularities in the trace obtained (back-
ground) result from variation in light transmi s-
sion of the paper itself. 
12. Reposition pen , with ZERO ADJUST knob, by a n 
amount equal to the average displacement of 
the trace from the ze ro line in the direction which 
would return the average displacement to the 
zero line. See Fig . 20. 
13. Turn on FEED to scan pattern . 
14. Turn off FEED and PEN switches. Remove pape r 
strip and chart paper. 
15. Repeat steps 6 to 14 for successive scannings. 
16. Turn off all sw itches and clean out pens if 
instrument is not to be used again within 30 
minutes. (See page 20). 
ORIGINAL ~BACKGROUND 
POSITION\ I - - - ... ,.....__""'-._j_ I - _jz_ AVERAGE BACKGROUND [I g ZERO LINE 
ST~RT ST~P ~REPOSITION PEN BY 
FEED FEED AN AMOUNT d 
FIG. 20. ZERO ADJUSTMENT OF ANALYTROL PEN 
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B. INTERPRETATION OF TRACE 
1. Delimit each component by accurately drawing 
lines downward from the troughs between peaks, 
through the saw-toothed integration record (see 
Fig. 21). 
More precisely, the Gaussian distribution curve 
may be approximated for each component 
and lines drawn through the intersections of 
the curves for adjacent components. 
Components may also be delimited by direct 
reference to the lightest portion of the strip. 
2. Count the number of saw-teeth between each 
pair of such lines. (The teeth are in groups of 
ten). 
Each tooth represents 10 square millimeters 
of actual area beneath the curve . 
3. Correct for change of scale when using the B-3 
cam: Applied only to the portion of the curve 
extending above the 10 em line. 
Count the number of 1-mm squares enclosed by 
that portion of a peak which extends above the 
1 0-cm level. Multiply the number of squares by 
REMARKS: 
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SPINCO CHART SHEET 300 · 542 
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0. 9 and add the product to the saw teeth 
counted for the component. 
4. To obtain count representing total area add 
counts for individual components. 
5 . To obtain the percentage of total area repre-
sented by that component, divide count (corrected 
count for components extending above the 1 0-cm 
line) associated with individual component by 
the total count and multiply by 100. 
C. DENSITOMETRY WITH THE ANAL YTROL 
APPLICATION: 
Equipped with the B-2 cam, the Analytrol will re-
cord optical densities between 0 and 1.5 optical 
density units, one centimeter of pen travel per 0 . 1 
density unit. 
With the B-2 cam, scanning of stained paper strips 
will produce a record of the variation of optical 
density along the strip. 
The "Microanalyzer Attachment"* permits densi-
*Provides a scanning speed reduced relative to chart 
paper travel and finer slit for greater resolution. 
FILTE RS _____ ------ RUN No~----
SLIT WIDTH _ _ __ STRIP No. __ _ 
CA M Nq, _ ___ ·--- DATE.----
SAMPLE_. ___ --------
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WITH SP IN CO ANALYTROL MODEL RA 
ONE UNIT OF INTEGRATION • 0.1 SQ. CM . 
FIG. 21. INTERPRETATION OF ANALYTROL TRACE 
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tometric evaluation of photographic films or plates 
up to 3112 inches wide. 
PROCEDURE FOR DENSITOMETRY OF PAPER STRIPS 
(for liquid sample see following) . 
! . Install B-2 cam, see page 16. 
2. Turn on POWER and LAMP and allow 15-min 
warmup. 
3 . Insert desired* filter in front filter holder and an 
identical filter in the rear filter holder. 
4 . Select desired slit width, see page 10. Insert 
clean, blank strip of filter paper. 
5. Place cell potentiometer (located at right rear 
corner of instrument) near middle of its range. 
6 . Turn on PEN and bring recording pen to zero 
index level by turning ZERO ADJUST knob . If the 
pen will not come down to the zero level, insert 
a neutral density filter in the rear filter holder 
along with any filter already there . 
If pen will not come up to zero, insert a neutral 
filter in the front filter holder along with any 
filter already there . 
Combinations of neutral density filterst of 0.5 
and 1.0 density units will permit balancing 
under any condition for which the instrument 
has adequate sensitivity. 
7 . Introduce the calibrated neutral density filter by 
counterclockw ise rotation of the knob on the 
front panel.+ 
8. Adjust cell potentiometer to bring the recording 
pen 9.0±0.2 em above the zero leve l. 
9. Remove calibrating filter by clockwise rotation 
of the knob and recheck zero level. Repeat steps 
6, 7, 8 and 9, if necessary. 
10. Insert strip to be scanned and average the back-
ground as in item 11 and 12, page 1 0 . Proceed 
to scan pattern. 
*It is often advantageous to select an interference or 
other color filter to obtain a particular spectral region. 
t Kodak Wratten Filters . 
:j:ln instruments serial 41 3 and below the supplied ca li-
brated filter is placed next to and in front of the 
filter(s) already in the front filter holder. 
_j 
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D. COLORIMETRY WITH THE ANAL YTROL 
APPLICATION : 
Equipped with the Liquid Sample Adaptor No. 
300-524 and with a No . 300-81 1 cam, B-1, or 
No. 300-824 cam, B-2, the Analytrol will record 
per cent tran sm ission or optical density of col-
ored solutions, respectively. 
As many as 20 samples can be evaluated in 
one minute-a record of each, in order, being 
obtained automatically . 
The B-2 cam, recording optical density, will give 
plots more linear with concentration than the B- 1 
cam. At low ·concentrations the B-1 cam wi l l p ro-
vide greater sensitivity; i . e. , greater pen travel 
for a given change of concentration . 
PROCEDURE FOR COLORIMETRY OF SOLUTION S. 
A. To evaluate in terms of optical density (B-2 cam) 
follow " Procedure for Densitometry of Paper Strips" 
page 11 through step 9 except: 
Step 3. Insert 1.0 neutral density filter along w ith 
the desired color filter in front filter holder. 
Step 4. Unplug front photocell. Slide SLIT WIDTH 
selector to the right to expose full aperture . Plug in 
liquid sample adapter and replace front photocell. 
FIG. 22. ANAL YTROL WITH LIQUID-SAMPLE ADAPTER 
OPTICAL DENSITY 
FIG. 23. CHARACTERISTICS OF ANAL YTROL CAMS 
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FIG. 24. RECORDING FROM LIQUID-SAMPLE TUBES 
Be sure the plug in the bottom of the adapter is 
a II the way up and locked with the set screw so 
that light will always traverse the tubes at the-
same level. 
Insert test tube with zero concentration solution . 
The "zero" solution may be sol vent alone, a rea-
gent blank, or the lowest concentration encoun-
tered. 
Step 10. Scale may be calibrated in terms of con-
centration by using solutions of known concentra-
tion . 
Step 11 . Insert unknowns. Either note pen travel 
or record automatically by inserting each sample 
tube in tum with FEED on. Allow pen to come to 
rest for each sample. See Fig . 24. 
B. To evaluate in terms of concentration using the 
B-1 cam . Proceed as in A above, except: 
Step 8: Adjust cell potentiometer to bring the re-
cording pen 13.8 ±0.4 em above the zero level. 
Ultraviolet Colorimetry with the Analytrol 
APPLICATION : 
Equipped with the Ultraviolet Accessories the Analy-
trol can be used to make concentration determinations 
on solutions which absorb ultraviolet radiation in the 
254 millimicron region. 
About 95 per cent of the u-v light emitted by the lamp 
is from the 2537-A mercury line. The filter incorpo-
rated in the special u-v sensitive photocell removes 
nearly all v isible light. 
Components required for ultraviolet colorimetry: 
Spinco Part No. 
l. U-V Lamp . 
2. Cam, B-1 
3. Photocell, U-V Measuring 
4 . Liquid Sample Adapter . 
'5. Test Tube, U-V Transmitting 
300-493 
300-626 
300-632* 
300-524 
300-643 
Factory installed components required for ultraviolet 
colorimetry : 
l. Lamp Mount 300-431 
2 . Lamp Socket 300-497 
3. Starter Holder 300-494 
4 . Starter 300-495 
5 . Ballast 300-496 
6. Quartz Lenses (mounted) 300-688 
*Must be matched to the existing rear photocell. 
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FIG. 25. ULTRAVIOLET-ADAPTED ANALYTROL SHOWING POSITION OF ACCESSORIES 
To convert Analytrol for Ultraviolet Colorimetry pro· 
ceed as follows: 
1. Push down and twist counterclockwise to remove 
tungsten-filament lamp from its socket. 
2 . Remove the screw (on the integrator side) which 
holds the disk supporting the tungsten-lamp base. 
Pivot the disk about second hold-down screw to 
rear of instrument to ex pose receptacle for u-v 
lamp. Note that 4-prong u-v lamp can be inserted 
only one way. 
3. lift out heat-absorbing glass used only with the 
tungsten lamp. 
4. Unplug front photocell . 
5 . Plug in liquid Sample Adapter and u-v sensitive 
front photocell , marked U.V. on cell housing. 
6 . Install B-1 cam, see page 16. 
7 . Move slit-width selector to right to remove slit mask 
from field . 
8 . Remove filters from front and rear filter holder. 
Place calibration filter in rear holder (clear portion 
of 300-663 Filter to left). 
9. Remove left side panel held by six screws. Turn 
GAIN potentiometer shaft to ex treme clockwise po-
sition . Replace panel (two screws are sufficient to 
secure the panel , except in shipping). 
10. Place cell potentiometer (right-rear corner of cabi-
net) at about mid-range; turn on POWER and 
LAMP and allow 15-min warm-up. 
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CAUTION: AVOID EXPOSURE OF THE EYES TO 
U-V RADIATION 
11 . With distilled w ater in a quartz or Vycor (ty pe 
791 0) test tube and w ith PEN sw itch on , bring pen 
to zero position w ith ZERO ADJUST knob . 
12. Without remov ing w ater, slide a glass microscope 
slide in the paper strip guide to cover light beam . 
Adjust cell potentiometer to bring pen 1 3 em 
above zero line(± 1 em). Remove glass slide a nd 
recheck zero position . Repeat steps 11 and 12 as 
necessary. 
13. The instrument may be calibrated in terms of con-
centration of the u-v absorbing preparation w ith 
serial dilutions of a known concentration of t e 
material in question. 
To reconvert Analytrol for use with tungsten lamp: 
1. Replace heat absorbing glass on lens mount and 
reposition SLIT-WIDTH selector. 
2 . Replace special u-v -sen sitive photocell with stan-
dard measur ing cell . 
3. Insert blue· glass light filters in front and rea r 
holder. 
4. Replace calibrated neutral· density filter between 
spring clips of the slide located behind the front 
panel. The engraved figure on the filter should be 
at the lower right corner, facing toward the rear.* 
5 . Install B-3 cam for paper str,ip scanning. 
*In instruments serial 413 and below which do not 
have the filter slide, the calibrated filter is left out of 
the instrument except during calibra t ion , see page 16. 
6. Remove u-v lamp. Reposition tungsten-lamp base . 
check instrument performance as outlined below . 
7. Reposition GAIN potentiometer, see page 16 . 
PERFORMANCE DATA: 
Pr ior to operation, the instrument should be tested as 
outlined below, to check for possible shipping damage. 
After initial set-up, specific aspects of performance 
should be checked as recommended in other ports of 
this manual. 
A . POSITION OF CABLE RIDER 
1. Remove cover p late and l ightsource cover . Lift 
b lue filte r out of t he rear filter holder. 
2 . Turn on POWER and LAMP sw itches to i ll uminate 
ba lance aperture . Turn ZERO ADJUST knob clock-
wise to open aperture. 
3 . Turn hand crank on f ron t of instrument until t he 
scribe mark on the edge of t he B-3 balancing 
cam is aligned wi th the left edge of the aper-
ture . (See Fig. 26). 
Note : The Anal y trol is equipped with the B-3 
cam w hen it leaves t he factory. 
4. The line on the recording pen should now be 
w ithin y2 mil l imeter of the index mark on the 
zero index window on the pen-gua rd . This posi-
tion should also co incide w ith t he zero l ine on 
the special chart paper, (No. 300-542) sup plied 
w ith the Ana ly t ro l. 
The cable rider may be moved a long the coble 
after the cable-rider nut has been loosened . 
Hold the r ider while loosening and retig hten-
ing the nut . 
ANAL YTROL Ill. 
B. ALIGNMENT OF TUNGSTEN LAMP 
1. Unp lug front photocell and move SLIT WIDTH se-
lector to the midd le aperture (1112 mil l imeter). 
2 . Turn on POWER and LAMP. Ho ld a piece of 
paper a few inches away from the front of the 
instrument to check that the filament image is 
centered in the aperture. 
Loosen ing the two screws holding the lamp 
base permits repos it ioning of the lamp. 
3 . Replace rear light filter and lightsource cover. 
C. PHOTOMETER CALIBRATION 
1. Turn on POWER and LAMP and allow ] 5- min 
warmup. 
2 . Check that b lue-glass filters and heat-absorbing 
g lass are in place. Rep lace l ightsource cover. 
Center 1112-mm sl it in f ront aperture . Insert clean , 
b la nk strip of filter paper . 
3. Place ce l l potentiometer (located at right rear 
corne r of instrument) near the middle of its 
range. 
4. Turn on PEN and bring recording pen to zero-
index leve l by turn ing ZERO ADJUST knob on 
right side of instrument. 
5 . Check cleanliness of calibrated neutral density 
fi l ter in slide behind front panel. * Note the fig-
ure engraved on the fi lter . Th is figure should be 
at the lower right corner, f acing toward the rear 
of the inst rument. Turn cal ibration filter knob on 
front pane l clockwise to introduce neutra l den-
sity calibration fi lte r in front light path. 
*In instruments seria l 4 13 and be low the ca l ibra ted 
filter is placed next to and in front of t he b lue fi lte r 
in the front filter holder and subsequent ly re moved . 
FIG. 26. OPEN ANAL YTROL SHOWING BALANCE APERTURE AND SCRIBE MARK ON CAM 
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6 . Adjust cell potentiometer to bring the recording 
pen to the position indicated on the filter.* The 
val.ue on the filter represents centimeters above 
the zero-index (or zero level on the chart paper). 
7. Remove calibrating filter by counterclockwise ro-
tation of the calibration filter knob and check 
that pen returns to zero. 
8 . Sinre adjustments in steps 4 and 6 affect each 
other, repetition of steps 4, 5 , 6, and 7 may be 
necessary. Replace cover plate. 
9. Check GAIN potentiometer adjustment. 
Remove left end panel held by six screws. 
It is important that the GAIN potentiometer is 
properly. adjusted: Excessive gain will cause 
the pen to oscillate, insufficient gain will give 
sluggish response. 
With the pen properly zeroed, move the pen 
with the handcrank 5 em or more above the 
zero level and allow servomotor to return pen. 
Adjust GAIN potentiometer so the returning 
pen will cross the zero line at least once and 
not more than three times . See Fig . 27. 
D. INTEGRATOR 
IMPORTANT: Do not oil any part of the integrator 
mechanism. Oil on the surface of the constant-
speed disk or on the integrator wheel will inter-
fere with proper operation . Be sure both the 
constant-speed disk and the integrator wheel are 
free of oil or lint at all times. 
1. Insert chart paper and ink the integrator pen . 
2 . Use the hand crank to place the recording pen 
1 em above the zero line. Turn on POWER. 
3. Turn on FEED long enough to obtain a record a 
few centimeters long. There should be 20 ± 
saw teeth per 2 em. 
4. Place recording pen 10 em above the zero I ine 
and turn on FEED to obtain a record a few centi-
meters long. There should be 200 ± 5 saw 
teeth per 2 em. 
IV. MISCELLANEOUS ADJUSTMENTS 
The following adjustments should only be made as sug-
gested in other sections of this manual. 
A. CHANGING BALANCING CAM (See Fig. 17) 
1. loosen (do not remove) thumb screw which locks 
rear photocell in place. 
2. Slide rear photocell to right, lift off, and hang 
out of the way over the back of the instrument. 
3. Pull ZERO ADJUST knob and shaft completely 
out. 
4. Reach behind balancing cam and unscrew knurled 
knob at the center of the cam. 
5. Slide cam along its shaft toward rear of instru-
ment and lift out. 
6. In replacing cam, be sure the smaller hole in the 
cam is engaged by the locating pin next to the 
shaft. Do not force the cam on the shaft or pin. 
7. Replace knurled knob securing cam. Replace rear 
photocell and tighten thumb screw after sliding 
*In the case of 0.9 neutral density filters which are not 
engraved, the value is 8 .2 em. 
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FIG. 27. TRACES PRODUCED WITH PROPER 
AND IMPROPER GAIN ADJUSTMENTS 
cell as far to the left as possible. Replace ZERO 
ADJUST knob making sure the hexagonal t ip 
engages the index wheel. 
Note: Cams must be flat and free of nicks to 
maintain the required accuracy. 
B. REDUCTION OF SLIT HEIGHT 
The slit height should not exceed the colored regio n 
of the strip . The SLIT WIDTH selector may be re-
moved and the end(s) of the sl it(s) masked off w ith 
opaque tape. The SLIT WIDTH selector is removed 
by sliding to the right and up and springing out 
slightly to clear cha rt guide. 
C. ACCOMMODATION OF STRIP WIDTH 
As shipped, the Analytrol will accommodate strips 
up to 1 5/s in . wide. For wider strips or plates (up 
to 2 in .) the spacer bar may be forced laterally out 
of the strip guide.t Strips too narrow for scanning 
while resting on the spacer may be mounted on a 
thin clear plastic strip 30 mm wide. 
D. ACCOMMODATION OF THICK STRIPS 
To scan thick strips or glass plates it may be nec-
essary to remove the metal pressure foot which 
holds the strips against the scanning slit . Work the 
pressure foot to the right by sliding a knife blade 
underneath the edge bent back against the right 
side of the front photocell mounting plate. 
E. SHIFT OF INTEGRATOR TRACE 
By engaging either the left or right slot of the 
integrator pen with the integrator pen actuator it 
is possible to produce two separate integrato r 
traces where related patterns are to be traced o n 
the same sheet of chart paper. 
tAn earlier model has a second spacer at the top of the 
strip guide. This spacer can be pried downward a t 
the left end and removed. 
SERUM ANALYSIS I. 
SERUM PROTEIN ANALYSIS 
I. ELECTROPHORESIS 
The following directions for the analysis of serum pro-
teins (applicable to other mixtures containing proteins 
in concentrations between 0.2 and 7 per cent) are 
based upon the consideration of such factors as repro-
ducibility, convenience, cost, availab ility of materials, 
independence from environmental conditions, etc. The 
B-3 cam used in the Analytrol to scan strips obtained 
by this method is based upon standards prepared by 
these same procedures. Since the principal departure 
from theorefical conditions is related to propert ies of 
the filter paper, the B-3 cam is ·applicable to a variety 
of paper-electrophoretic analyses other than serum 
proteins. The following procedure, designed for an 
overnight electrolytic separation, has been found con-
venient for an average work schedule. (An accelerated 
procedure is described on page 18). 
A. SCHEDULING RUN 
Arrange to have the serum samples, cells, pipettes, 
and necessary solutions ready within a ha lf hour 
of the end of a working day in order that electro-
phoresis may proceed overnight (16 hours). The 
next morning the strips are dried and placed in 
the dye-bath for sta ining . They are rinsed and 
again dried at the end of the day and can be 
scanned with the Analytrol the following morning. 
B. SAMPLE PREPARATION 
1. Draw a few milliliters of blood and transfer to 
a glass test tube. Stopper and let stand 2 or 3 
hours at room temperature until clot is well 
formed . 
2. Centrifuge carefully for a few minutes (clinical 
centrifuge). Carefully pour or pipette off super-
natant serum . Discard sediment. To avoid the 
introduction of hemoglobin, do not allow serum 
to stand on clot for extended periods. 
C. PREPARATIONS OF SOLUTIONS* 
1. Buffer- Disso lve one package of Spinco Buffer 
B-2 in distilled water to make 1.00 liter of solu-
tion, rinsing out all powder from the package. 
It is important that the buffer solution be at 
room temperature when used . 
2 . Rinsing so lution-the preparation of the dyeing 
and rinsing solutions will require a stock solu-
tion (3 liters) of 5% by vo lume glacia l acetic 
acid in water. 
3 . Dye Solution-Prepare one liter of dye solution 
as follows: To the contents of one package of 
*See page 20 for composition of packaged chemicals. 
Spinco Dye B-1 add 50 ml of 95 per cent ethyl 
alcohol.t Stir the resu lting slurry for about 1 
minute. Add 5 per cent acetic acid to make 1 
liter of so lution. Mix until minute inspection 
shows that all crystals are dissolved. 
4 . Fixative solution- Dissolve the contents of 1 
package of Spinco Fixative B-2 (or two packages 
B-1) in 1 0 per cent acetic acid solution to make 
one l iter. 
D. RE-USE OF BUFFER 
The buffer may be used for a second separation 
before discarding. The direction of current f1ow 
shou ld be reversed for the second run by connect-
ing the cell to the opposi te Duostat plug . (The two 
plugs are oppositely polarized, the positive con-
nectors having a red band). If the polarity is re-
versed, the direction of migration of electrode 
reaction products from the preceding separation 
will be reversed, thereby containing them within 
the baffling labyrinth. In advance of a second run, 
sufficient buffe r to rinse down the strips can be 
w ithdrawn from the outer-most compartments of 
the ce ll vessel by means of a large rubber-bulb 
syringe. Fifty milliliters of buffer should be added 
to make up for that carried off with the previous 
strips or lost by evaporation. Be sure the f1uid 
levels in the cell are equalized (see page 4). The 
w ick support bars shou ld be removed, rinsed, dried, 
and fresh wicks used for every run. 
E. PROCEDURE 
(See page 3) 
1. Set up cell using: 
a . Whatman 3 mm paper strips, No. 300-028 . 
b . S & S 470 wicks, No. 300-029. 
c. Spinco buffer B-2 solution, No. 300-824. 
2. Apply a 0 .01 0-ml sample of undiluted serum to 
each strip (see page 4). 
3. Separate at 5 milliamperes per cell, constant cur-
rent, for 16 hours, (see page 5). 
4 . Dry for 30 minutes in oven preheated to between 
120 and 130 C. 
Although the strips dry in less time, protein 
. coagu lation is not complete. 
5 . Dye strips by immersing in a solut ion of Spinco 
Dye B-1 , No. 300-822, for 6 hours at room tem-
perature (see page 5). 
A dye bath may be kept in a loosely covered 
t Ethyl alcohol denatured with 5 per cent isopropyl 
alcohol may be used. 
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II. SERUM ANALYSIS 
tray for one week. No more than 32 strips 
should be stained with a single liter of dye. 
6. Rinse as follows (see page 5). 
First rinse: Six minutes in a tray of 5 per cent by 
volume acetic acid. 
Second rinse: Six minutes in a tray of fresh 5 per 
cent by volume acetic acid . 
The second rinse solution may be used sub-
sequently as a first rinse. A fresh solution 
should be used as second rinse each time . 
Third rinse (fixative) : Six minutes in a tray of 
Spinco Fixative B-2 . 
Fixative should be discarded after each use. 
Do not agitate the rinsing baths. 
7 . Blot strips between clean blotters, No. 300-839, 
then transfer to either the drying or the acces-
sory transfer rack . 
8. Dry stained strips for 15 minutes in oven pre-
heated to 120- 130 C. 
CAUTION: Avoid the irritating acetic acid vap-
ors. If a tight, poorly ventilated oven is used, 
leave the strips in the open oven for a few min-
utes before removing in order to allow the es-
cape of acetic acid . No odor of acetic acid should 
be detectable when the strips have cooled. 
9 . Immediately before scanning (within two hours) 
treat strips, as follows : Place strips in clean, dry, 
staining and rinsing rack. Place a wick (300-029) 
in bottom of clean, dry tray (300-835) and dis-
tribute upproximately 1 ml concentrated am-
monium hydroxide (28-30% NH3 ) along wick. 
Allow rack with strips to remain in covered 
tray for at least one minute. Scan strips between 
1 0 minutes and two hours after removal from 
ammonium hydroxide treatment. 
F. ACCELERATED PROCEDURE 
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Where the serum samples can be separated from 
whole blood drawn early enough to begin an elec-
trophoretic separation within the first hour and a 
half of a working day, it may be more convenient 
to use an electrophoretic separation of six hours 
duration rather than the overnight separation even 
though the shorter procedure may introduce small 
variations. 
Use Buffer B-2 as before. The Duostat should be 
set for 15 milliamperes, constant current, for one 
cell, or 30 milliamperes if two cells are connected . 
At the end of six hours, the strips are dried and 
placed in Spinco Dye B-1 solution at least six hours 
or, conveniently, overnight. They may be rinsed 
and dried the next morning by the standard pro-
cedure, outlined above, and then scanned in the 
Analytrol. 
II. EVALUATION OF STRIPS 
A. DIRECT SCANNING WITH ANALYTROL 
Follow operating procedure on page 10. 
Be sure Analytrol is calibrated as in steps 
through 9, page 15 with the B-3 Cam, Blue 
Corning 5031 filters in front and rear filter 
holder and with the 11/2-mm wide slit. 
B. EVALUATION BY ELUTION 
APPLICATION 
The results of evaluation by elution are subject 
to less experimental variation than by direct 
scanning since the measurements are not sub-
ject to the irregularities in the texture of the 
filter paper. 
Evaluation by elution is employed when: (a) /\n 
Analytrol is not available, but a colorimeter is 
on hand. (b) The considerable time required 
for evaluation by elution can be justified by 
the reduction in experimental variation . 
In the latter case the Analytrol may be em-
ployed as a colorimeter as described on page 
12, using a B-1 Cam and 600-millimicron 
interference filters in the front and rear filter 
holders. 
PROCEDURE: 
1. After following the procedure for dyeing the 
strips through step 8; cut each strip into seg-
ments containing each component. Make the 
division at the lightest staining region be-
tween components, just beyond the albumin, 
and just behind the gamma-globulin. Al so 
cut a two centimeter long section of back-
ground. 
2. Measure and record the length of each seg-
ment in centimeters. 
3. Elute each in exactly 10 milliliters of 0.5 per 
cent sodium carbonate solution by occasional 
gentle agitation during 45 minutes at room 
temperature. 
4. Remove paper, or pour off eluate into a col-
orimeter tube and evaluate calorimetrically 
near 590 millimicrons. 
The colorimeter may be calibrated by pre-
paring serial dilutions with 0 .5 per ce nt 
sodium carbonate solution of the darkest 
(albumin) eluate. 
5. Divide the concentration of dye in the back-
ground eluate by 2 to obtain the background 
contr ibution per centimeter of paper . 
6 . Multipl y item 5 above by the length of each 
segment (measured in item 2) and subtract 
OTHER ANALYSIS 
from the dye concentration found for each 
component (item 4). 
7 . Determine the total dye concentration, and 
from it the per cent of each component. 
OTHER ANALYSIS 
I. GENERAL REMARKS 
A listing of the great variety of problems which 
have been submitted to analysis by paper electro-
phoresis is beyond the scope of this manual. Be-
sides a large number of articles in curren t scien-
tific journals, several books dealing with paper 
electrophoresis have been published recently. 
1. "A Manual of Paper C-hromatography and Paper 
Electrophoresis," by R. J . Block, E. L. Durrum 
and G. Zweig , published by the Academic Press, 
New York, 1955. 
2 . " Introduction to Paper Electrophoresis and Re-
lated Methods," by M. Lederer, published by the 
Elsevier Publishing Company, 1955. 
3. " Die Papierelektrophorese," by C. H. Wunderly 
(in German) pub I ished by H. R. Sauerlander and 
Co., Aarau, Switzerland, 1954. 
The following general remarks may be of particular 
interest to users of the Model R Paper Electrophoresis 
Apparatus. 
As new procedures for routine analysis are developed 
in our own research laboratories, every effort will be 
made to disseminate such information . Generally, the 
object of paper electrophoretic analysis is to obtain 
quantitative data on the concentration of separable 
co(T1ponents. To identify the separated components the 
strip must be stained with a dye which is taken up by 
the material to be analyzed, but not by the paper. 
This presents the first problem insofar as the d ye up-
take is not always directly proportional to co ncentra-
tion . 
The photometric evaluation of stained paper strips is 
further complicated by the fact that the rel ation be-
tween optical density and stain intensity on paper does 
not follow Beer's Law as in the case of colored solu-
tions . Hence, in order to obtain data in term s of con-
centration of separated material it is necessary to cali-
brate the instrument on the basis of standa rds pre-
pared and analyzed under specified, reproducible con-
ditions. Such calibration and the design of an appro-
priate light-balancing cam are justified only by the 
time saving afforded by the convenience of simultan-
eous recording and automatic integration. What is 
more, it is not always possible to specify "reproducible" 
conditions, a fact often overlooked . 
Where deviation from linearity with the available 
cams is e xcessive and construction of a special cam 
cannot be justified, several alternatives are available: 
a . Concentration distributions represented by a non-
linear plot may be adjusted by the application of 
empirically determined correction factors. This is 
frequentl y done when analyses are based on the 
optical density variations of the sample. 
b . Results are reported direct in terms of the recorded 
data. This may be satisfactory where concentra-
tion distributions are considered on a relative 
basis; i . e ., compared to some standard other than 
actual concentration. In this case the choice among 
available cams may be based upon obtaining the 
greatest sensitivity for a given range of concen-
trations. 
c. Electrophoretic patterns are analyzed by elution, 
as described on page 18. This represents no com-
promise with accuracy, but only with convenience. 
II. DILUTE PROTEIN SOLUTIONS 
Usually it is necessary to concentrate very dilute pro-
tein solutions; i.e., spinal fluid , urinary proteins, ascitic 
fluid, etc., prior to separation by paper electrophoresis. 
This can be effected by lyophilization, dialysis against 
a solution of higher osmotic pressure (for example, 
polyvinylpyrrolidone, dextran, etc.) ultra-filtration, or 
by simple desiccation over concentrated sulfuric acid 
preferably at reduced temperature . Generally speak-
ing, protein concentration should not be lower than 
about 0 .2 per cent. Sometimes dilute solutions can be 
handled without prior concentration by application of 
greater quantities (up to 0 .5 ml) or by repeated appli-
cation of smaller quantities. 
Ill. PAPER ELECTROPHORESIS OF 
HEMOGLOBINS 
Follow the procedure given for serum protein sep-
aration (see page 17) except: 
a. P1·epare buffer solution with Spinco Buffer B-1. 
b . Apply sample of 0 .01 ml of approximately 8 
per cent hemoglobin solution.* 
c. Separate for 4 hours at 22 m i lliamperes per cell . 
The dry, undyed strips may be scanned with the 
Analytrol for determination of the relative con-
centrations of the various hemoglobins. Use 
white light; i.e., remove the blue glass filters; use 
procedure, steps 4 to 8, as outlined on pages 
1.5 and 16. 
• 
*For preparation of hemoglobin sample see : Drabkin, 
P. L., J. Bioi. Chern . 164, l 03 (1946). 
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MAINTENANCE -PARTS 
MAINTENANCE 
I. PAPER ELECTROPHORESIS CELL 
Temperature Resistance 
The cell vessel and cover should never be exposed 
to temperatu res above 68 C (154 F). The black 
plastic parts should not be heated above 135 C 
(275 F). 
Cleaning 
Wash in lukewarm soap or detergent solution; 
drain or wipe dry with soft cloth . Avoid agents 
which might scratch the surface . Any part of the 
cell may be completel y immersed for clean ing . A 
test tube brush may be used to remove crystals 
from the electrode wires . Care must be exercised 
to avoid break ing of electrode wires . 
Replacement of Glass Rods 
To insert a new glass rod in the support stand, 
spring the sides apart just enough to insert rod . 
II. DUOSTAT REGULATED POWER SUPPLY 
The type NE5l pilot light may be replaced from 
the outside, after unscrewing the plastic dome 
which covers the bulb. 
The l-amp type 3AG fuse may be replaced after 
unscrewing the FUSE cap at the rear of the Duostat. 
Ill. ANALYTROL SCANNER 
Cleaning of Components in Optical Path 
All surfaces in the optical path should be kept free 
of dust and fingerprints . These components are : 
The front photocell window, any filters, the heat-
absorbing glass, the lamp envelope, and the rear 
photocell w indow. 
Cleaning of Pens 
Ink should never be allowed to dry in the pens. To 
clean, prime the pen with the pen stylus under 
running warm water. Dry pen by touching pen to 
blotter. Pens may be left in water to soak. 
Cleaning of Integrator 
Both the horizonta l integrator disk and the inte-
grator wheel which r ides on this disk must be kept 
free of oil and other foreign matter at all ti mes. 
The disk and wheel may be cleaned with l int f ree 
tissue moistened with acetone or carbon tet ra-
chloride. 
Lubrication 
l . Paper and Integrator Drive Motor 
Two drops of light oil at the two po ints lubri-
cating the armature shaft, every six months. Do 
not oil the gear train. 
2. Integrator Wheel Shaft. 
This shaft runs in jewel bearings covered by felt 
washers. Add one drop of watch oil to each felt 
washer every six months. Be sure to wipe off 
any excess which may be outside the bear ing 
pocket after integrator has run a few minutes. 
3 . Fan Motor. 
Two drops of light oil at the two points lubrica t-
ing the armature shaft, every six months. 
Replacement of Lamp 
Push down and twist counterclockwise to remove 
tungsten filament la.mp from its socket. Insert new 
lamp, push down, and turn clockwise . Check alig n-
ment of filament and calibration as suggested on 
page 15. 
Replacement of Fuses 
The 3-amp type 3AG fuse may be replaced after 
unscrewing FUSE cap at the rear of the Analytro l. 
The lf2-amp type 3AG SlO-BlO in the amplifie r 
may be replaced afte r removal of left side panel. 
REPLACEMENT PARTS LIST 
I. ELECTROPHORESIS CELL 
Part No. 
300-035 
300-833 
300-014 
300-028 
300-029 
300-816 
300-820 
Description 
Glass Rods 
Cover Tape, 1 roll 
Rubber Pegs 
Paper Strips, Box (200 eo 30.6 x 3.0 em 
Whatman 3 mm) 
Paper Wicks, Box (50 eo 31 .8 x 5.1 em 
s & s 470) 
Micro Pipette, Calibration 0 .006, 0 .008 
0 .01 milliliter 
File Folder, Package of 25 
II. CHEMICALS 
300-811 
300-824 
20 
Buffer B-1 , Box of 12 pkgs each pkg : 
T .84 gm diethyl barbituric acid 
10.30 gm sodium diethyl barbiturate 
(0 .05 ionic strength) 
Buffer B-2, Box of 12 pkgs each pkg : 
2 .76 gm diethyl barbituric acid 
1 5.40 gm sodium diethyl barbiturate 
(0.075 ionic strength) 
300-822 
300-823 
300-840 
Dye B-1, Box of 12 pkgs each pkg: 
0 .10 gm bromphenol blue 
31 gm zinc sulphate (1 H,O) 
Fixative B-1, Box of 12 pkgs each pkg: 
4 .5 gm sodium acetate (3 H,O) 
Fixative B-2, Box of 12 pkgs each pkg : 
9 .0 gm sodium acetate (3 H,O) 
Ill. ANAL YTROL 
300-370 
300-387 
300-565 
300-663 
300-531 
300-515 
300-542 
300-568 
300-630 
300-592 
Tungsten lamp 
Pen Assembly 
Calibrated Filter, replacement for 
Ana lytrol No. 0 to 41 3 
Calibrated Fi lter, replacement for 
Analytrol above No. 413 
Blue Glass Filter, Corning 5031 
Heat Absorbing Glass 
Spinco Chart Paper, Package of l 00 
Sheets 
Ink, Blue-Black, lf2 ounce 
Fuse (Main) 3 amp, 3AG 
Fuse (Ampl ifier) lf2 amp, 3AG 
ater (25'C) 
a. 
b. 
c. 
d. 
a. 
Beckman-instruments, Inc. 
Spinco Division/ :ELMONT. cALIFoRNIA. 
SERUM PROTEIN ANALYSIS 
Spinco Model R 
Paper Electrophoresis System 
Immediately extend rock and remove 
Insert rack in pre·heated oven 
(120 to 130"C) and remove 
after 30 minutes 
Plug Duostat connector into Cell 
Adjust Duostat for 5 rna per Cell 
c. Allow separation to proceed 16 hours 
NOTE: Accelerated Method 
Adjust for 15 ma per Cell for 6 hours 
Place strips in dyeing rack, then insert into tray filled with B-1 
Dye (#300-822) and place cover on lr9y 
After 6 hours, transfer rock with strips to rinse bath of 5% 
acetic acid 
After 6 minutes, transfer rack with strips to second rinse both of 
5% acetic acid 
After 6 minutes, transfer rack with strips to tray filled with 8-2 
Fixative (#300-840) 
6 minutes remove strips, place in blotter ( #300-839) 
then transfer to Drying Rack 
a. Return to preheated oven (120 to 130°C) 
and remove after 15 minutes 
b. Expose strips to ammonium hydroxide 
vapors 
b. Place dyed strip in guide on front, and chart 
paper (300-542) on top of Analytrol 
c. Tum on PEN switch 
d. Zero plotting pen 
e. Turn on FEED switch to scan and record 
a. Divide plot into components by 
drawing vertical lines 
b. Count and record integration teeth 
between lines 
c. Divide individual integration 
counts by sum of counts to 
obtain relative concentration of 
each protein component 
d. Place strips and charts in 
file folder ( ~300-820) 
COMPLETED CHART 
" 
MODELE 
Appendix III 
Spinco Model E Ultra-
centrifuge Brochure 
• 
Powerful precision-s peed-controlled 
electric drive of Spinco Ultracentri-
fuge. Main drive housing, center, 
1 Y2 -hp air- and water-cooled drive 
motor above. Unit is capable of hun-
dreds of hours of high-speed operation 
without attention. 
all function 
Rotor chamber--open to show forged-duralumin 
analytical rotor in place for run. This type of rotor 
reaches its routine operating speed- 60,000 rpm-
in 7 minutes and decelerates in the same length of 
time. Vertical rods on either side are leadscrews 
for power-operated vacuum chamber-in down, 
or retracted position in this view. Top edges of 
three cylinders can be seen at bottom of picture. 
Innermost is refrigeration element for low-tem-
perature operation. Second is 2-inch cylindrical 
armor-steel guard for operating safety. Third is 
vacuum chamber. Centrifugal forces over 250,000 
times gravity can be attained. 
Light-source compartment. In center, high-bril-
liancy water-cooled GE Type AH6 mercury arc 
with auxiliary shutter on top. Vacuum-chamber 
drive from rear shaft is chain-connected to front 
leadscrews here. 
1 single housing 
BECAUSE the Spinco Ultracentrifuge is completely self-contained, its installation requires no 
special arrangements or structural alterations. Designed by Dr. E. G. Pickels, the Spinco Ultra-
centrifuge comprises a means for driving various rotors at constant speeds up to 70,000 rpm; an 
optical system of the refractive-index type with viewing screen and automatic camera; high-
vacuum pumping equipment for evacuating the rotor chamber; refrigeration gear for low 
temperature operation; and various related controls, instruments, and safety features. "Accepted 
throughout the world as an outstanding research tool, the Model E provides capabilities to 
permit the centrifugal purification of particles in the size range of 1 micron down to a few 
thousandths of a micron; and molecular-weight determination-by either the sedimentation 
velocity or equilibrium methods-of particles having molecular weights ranging from many 
million down to a few hundred. This encompasses the major virus and protein groups. 
Controls of Spinco Ultracentrifuge are grouped on 
these panels for operating convenience. Large 
meter at top left is electric tachometer which con-
tinuously indicates rotor speed directly in rpm. 
Flanking instruments show voltage and current 
on drive motor. Knobs below are speed-range 
and individual-speed selectors for constant-speed 
mechanism. Selected speed group shows in central 
window. Lower four controls are: Time switch; 
camera-exposure and photo-interval adjustments; 
and manual voltage control. The three large con-
trols in bottom panel are described on a following 
page. To their right is the switch for selecting one 
of three dynamic braking rates. 
Indicating meter at top of right panel is Pirani-
type vacuum gage. Instrument below is meter for 
reading rotor temperatures. In panel at bottom are: 
Pushbutton for viewing screen; vacuum-gage 
Pumps are located in lower compartments. Left to 
right they include: All-metal oil-diffusion vacuum 
pump; mechanical forepump of more than 60-
liter-per-min capacity; and refrigeration system 
switch; temperature calibrating and switching 
control; switch for automatic camera; and push-
button for manual camera operation. Storage com-
partment is at lower right. 
for keeping rotors at reduced temperature. At 
room temperature, without refrigeration, average 
temperature rise of rotor in vacuum at high speed 
is less than 1 degree C per hour. 
• 
ex1 ........ 
T 0 PROVIDE THE UTMOST operational flexibility, the 
Spinco ModelE Ultracentrifuge includes all facilities necessary 
for either analytical or preparative work. The basic instrument 
and auxiliary developments are coordinated so that conversions 
are made readily to take advantage of improved techniques. 
A vailable auxiliaries in clude: 
• Deep-cell rotors for very dilute 
materials 
• Swinging-bucket rotors for ac-
curate quantitative determina-
tion based on an assay of 
collected aliquots 
• Synthetic-boundary cells for 
layering one liquid on another 
and forming sharp initial 
boundaries with low molecu-
lar-weight material 
• Double-sector cells for com-
parison purposes where solvent 
and solution are run simultane-
ously 
• Prismatic cells for simultane-
ous runs of two solutions 
• Specialized rotors, cells, and 
instrumentation to meet indi-
vidual requirements. 
sc 
ANALYTICAL a11d 
In the precision speed and cam er a-
control unit, m otion obtained from a 
synchronous reference motor is com-
pared through a differential gear with 
reduced rotary motion from the drive. 
Any differential motion causes move-
ment of the differential gear and 
actuates electrical switches control-
ling power to the drive. 
Speed may thus drift m omentarily 
through a range of the order of 0.5 
per cent of selected speed but average 
speed over a period of 15 m inutes or 
more is accurate to approxim ately 0.1 
per cent, assuming commensurate ac-
curacy of power-line frequency. For 
an independent check on speed, a 
built-in revolution counter, attached 
directly to a low-speed takeoff , can 
be timed. 
• ty Simp I 
riVE -A SINGLE MACHINE 
Illustrated at right is the interlock panel, one 
group of the many safety devices designed into the 
Spinco Ultracentrifuge to insure complete protec-
tion of personnel, property, and the unit itself. 
The objective has been to create a machine oper-
able by laboratory technicians without elaborate 
specialized training. The large knobs operate vari-
ous valves and interact with related electric 
switches to prevent energizing the equipment 
until cooling water is flowing or other prerequis-
ites have been met. Left to right they include: (1) 
the air lock between vacuum chamber and atmos-
phere with vacuum-pump switch; (2) cooling 
water for the diffusion pump and its switch; and 
(3) cooling water and power for the light source. 
The lifting and lowering of the movable vacuum 
chamber and guard surrounding the rotor is 
limited by overtravel switches which permit a 
5 
proper sealing of the vacuum chamber. The 2-inch 
armor-steel guard is specially designed to absorb 
rotational thrusts by being free to turn and dissi-
pate energy with its mass. The movable elements 
are surrounded by an additional six-sided 14-inch 
steel barricade with retractable front for rotor 
loading. An electric interlock prevents running 
the rotor without closing the vacuum chamber. 
Another automatically prevents overshooting of 
selected speed. 
Analytical rotor, Type A, left, and preparative 
rotor, Type C, right. Several sizes of the latter are 
available to meet special problems. 
t Notches in valve-control flanges form inter-locks so electric switches below can be turned on only in one position of valve. 
Fixed fork-shaped guide assists in position-
ing of rotor during attachment to drive, also 
serves as safety device to prevent rotor from 
dropping free at any time. 
effective 
• optiCS 
A SPINCO ENGINEERED optical system 
of the Philpot-Svensson refractive-index 
type is an integral part of the Spinco Ultra-
centrifuge. It records automatically, at 
repeated intervals, the refractive-index gra-
dient at every level in the column of fluid 
being centrifuged. This permits the measure-
ment of sedimentation rate-and hence 
• 
I ' u.,...., ... ~• 
i I i. \ I 
I ' 
particle size or molecular weight-by virtue 
of the refractive gradients existing in the 
region of the sedimenting boundary (the 
transition zone between sedimenting ma-
terial and supernatant fluid). It also permits 
application of the equilibrium method, 
which requires a comparison of concentra-
tion of the solute at different levels in the 
fluid column after attainment of a steady-
state condition. 
Light from the slit source (1)-in the illus· 
tration shown at the right-is paralleled 
through the rotor cell (2) by a collimating 
lens (3). A condensing lens (4) above the 
rotor converges the light back into focus to 
form an image of the slit at the inclined bar 
( 5) after being reflected at right angles from 
a front surfaced mirror (6). The light con-
~~-::~\ ·;;...~~::.~ ~--~.: ·.:; ·>~~": .. 1=.. .:;· :- - ~·- . - -·. -· - .. ,.., ~ .-·- .,. ......... -:""""1 
tinues through a camera lens (7), a cylin-
~·· dricallens (8), and an interchangeable fi lter 
(9) to the photographic plate (10) or by way 
of a movable mirror ( 11) to the ground-glass 
viewing screen (12). 
All lenses are of high quality. Different 
wave-lengths throughout the visible and 
upper ultraviolet spectrum can be employed 
without readjustment of the system. 
Top view, left, shows some of opt ical parts . 
6 
37 MIN 
The four photographs above illustrate the applica-
tion of the sedimentation-velocity method to the 
resolution and study of two components in a com-
mercial preparation of gamma globulin (1 % ). 
Two components can be differentiated by the 
difference in sedimentation rate which is given by 
0 
Optical System. 
See Text, Left. 
6 
45.MIN 
the displacement of the respective peak as a func-
tion of time. The size of the peak is a measure of 
concentration of the respective component and its 
homogeneity can be judged by the sharpness and 
symmetry of the peak, according to well known 
techniques. 
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spec1 ICQ IOnS 
SIZE: The Spinco Ultracentrifuge has housing 
dimensions of 74 by 27 by 60 in. 
WEIGHT: Net weight of the unit is 2400 lb. 
Shipping weight, 3200 lb. 
ELECTRIC POWER: Preferred operation on 
60-cps single-phase three-wire system with 115 
volts each side of neutral (115 and 230 volts), and 
capacity of 30 amp per lead. If current capacity 
of 40 amp is available, 115-volt 60-cps single-
phase two-wire can be used. Modifications can be 
made in advance for use on 50-cps power. 
FINISH: The cabinet is finished in high-quality 
conventional laboratory grey wrinkle surface of 
synthetic enamel. 
STAND ARDIZATION: Rotors, cells, and re· 
placement parts can be ordered from stock and 
are interchangeable. 
MAINTENANCE: Installation and regular con· 
tract maintenance services are provided. A 
driving-unit-exchange plan permits replacement 
with reconditioned and tested assemblies at in-
tervals based on frequency of operation of the 
machine. 
SPECIAL EQUIPMENT: U ltraviolet absorp-
tion optical systems; Ray leigh-fringe interfer-
ence optics; precise automatic temperature 
control and indication units; and equipment for 
rotor operation to 100 degrees C are available. 
ROTORS : Availabilities of both preparative and 
analytical rotors are as follows: Each preparative 
rotor is supplied with a stock of Lusteroid tubes 
and sealing tube caps. Stainless steel or other 
metal tubes supplied on special order. 
PREPARATIVE ROTORS 
Tube Length Angle Capacity Total Operating Appro x 
Max . 0 D He ight No . of Dia . of Tube to A xis pe r Tu be Cap Speed Max Force 
Rotor in . in. Tubes ln. i n. d e g . cc cc rpm on Flu id , g 
Prep A 6 116 44%4 10 % 3 26 13.5 135 50,740 214,500 
Prep 8 7 "!4 4 27'32 8 1 3 26 32 256 42,040 163,600 
Prep C 8 )116 4 % 14 Y2 3Y2 37 10.5 147 42,000 188,800 
Prep J 6 Ys 31%2 16 Y2 2Y2 20 6 .5 117 56,100 246,500 
Prep K 8 "!4 So/16 12 1 3Y2 16 38.5 462 37,020 148,200 
Prep M 8 S% 20 Y2 3Y2 14 10.5 210 31,410 100,400 
sw 39 8 4 "!4 3 Y2 2 90-free 5 15 39,460 178,400 swinging 
ANALYTICAL ROTORS 
No. Cell s Maxi mum Ce nt. Force Ce ll Dista n c9 Ce ll De pt h Fluid Co lumn 
Max. 0 D He ig ht Plus Co unter- Speed at Ce nter f rom Rotation (in Directio n Th ic~< n ess 
Rotor in . in . balance rpm of Ce ll A x is, mm o f Force) mm mm 
Anal A 7 "!4 4o/t6 59,780 254,500 65 15 3 or 12 
Anal B 7 "!4 41)116 50,740 182,800 65 15 18 or 30 
'",~,..'"to 
•-• • FOR M 655E 8 
Appendix IV 
Spinco Model L Ultracentrifuge Brochure 
the sp1nco 
ULTRACENTRIFUCiE 
CONTROLLABLE RAJ 
THE MODEL L SPINCO ULTRACENTRIFUGE is designed to permit the practical and routine 
application of high centrifugal force. It is used for clarifying liquids and for concentrating, 
purifying and classifying macromolecules and colloidal materials. These include proteins, 
viruses, enzymes, high polymers, pigments, chemical precipitates, and miscellaneous com-
ponents of biological extracts. 
This efficient, easily-serviced unit makes it possible for the laboratory technician, con-
veniently and safely, to process large and small quantities of material in centrifugal fields 
up to 140.000 g. This is done at room- or reduced, controlled-temperatures, and substantially 
free from thermal convection. 
The Model L Ultracentrifuge features an adjustable electronically-controlled fully-auto-
matic cycle; vacuum-chamber operation of fixed-angle rotor heads with individually-sealed 
tubes; and a geared electric-motor drive with flexible shaft which makes the rotor self-bal-
ancing. This drive is patterned after that used in the dependable Model E Analytical Ultra-
centrifuge but situated in the lower part of the machine for easy access to the rotor chamber. 
ANGULAR HEADS 
Series of interchangeable rotors with at-
tached handles rest on self-balancing drive 
spindle-no precise weighing of sealed 
full-capacity tubes required. Rotors are 
machined from solid forged billets with 
efficient fixed-angle design for rapid sedi-
mentation. Automatic top-speed limiters 
built in. Distributor ring at top permits safe 
handling of infective material. 
REFRIGERATED 
Sturdy refrigerating unit holds 
rotors to controlled temperatures 
ranging from ambient through 0 C. 
VACUUM 
Rotors spin in chamber 
evacuated to practically 
eliminate frictional heat-
ing.Heavy-dutymechani-
cal vacuum pump ex-
hausts chamber within 
acceleration period of 
rotor. 
AUTOMATIC CYCLE 
ARMORED 
Double steel armor cyl-
inder gives complete 
physical protection. Safety 
interlocks insure follow-
ing safe operating pro-
cedures. 
ELECTRICALLY 
Precision gearing runs in oil 
mist. Drive is by llf2-hp ball-
bearing electric motor with 
forced-air cooling and sealed-
in lubrication. Rotor speeds to 
40,000 rpm. 
ELECTRONICALLY 
CONTROLLED 
Automatic electronic monitor 
safeguards operation, super-
vises acceleration, controls 
operating speed, times the 
processing cycle, and pro-
vides two rates of automatic 
MODEL L ROTORS 
General Purpose For Specific Applications 
Rotor Part Number 3174 2669 2779 3083 3188 3184 3410 3430 3231 
Rotor Type 21 30 40 30.2 40.2 40.3 SW39L SW25.1 Batch 
Centrifugal Force (g) 59,000 105,000 144,000 94,000 143,000 142,000 173.000 90,000 43,000 
Maximum Rated Speed (rpm) 21.000 30.000 40,000 30,000 40,000 40,000 35,000 25.000 18.000 
Number of Tubes 10 12 12 20 12 18 3 3 
Capacity per Tube (ml) 94 38.5 13.5 10.5 6.5 6.5 5 34 
Total Capacity (ml) 940 462 162 210 78 117 15 102 1.600 
Tube angle with 
Rotor Axis ( deg) 18 26 26 14 40 20 0-90 0-90 
Acceleration Time (min) 15 11 5 10 5 5 4 8 9 
TUBES FOR USE WITH ABOVE ROTORS 
f Tube No. 3288 2237 2235 2234 2232 2232 5050 2236 
Cellulose Tube l 3079 2359 3078 3113 3113 3113 Cap No. 
f Tube No. 3380 1112 1108 1104 1099 1099 5588 
Stainless Steel Tube l 3320 2133 3319 3113 3113 3113 Cap No. 
J Tube No. 3607 3602 3595 3590 3683 3683 3682 3601 
Polyethylene Tube l 3603 3597 3591 3585 3585 3585 Cap No. 
AUTOMATIC CYCLE 
ARMORED 
Double steel armor cyl-
inder gives complete 
physical protection.Safety 
interlocks insure follow-
ing safe operating pro-
cedures. 
ELECTRICALLY 
Precision gearing runs m oil 
mist. Drive is by llf2-hp ball-
bearing electric motor with 
forced-air cooling and sealed-
in lubrication. Rotor speeds to 
40,000 rpm. 
ELECTRONICALLY 
CONTROLLED 
Automatic electronic monitor 
safeguards operation, super-
vises acceleration, controls 
operating speed, times the 
processing cycle, and pro-
vides two rates of automatic 
braking. 
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I CELL 
ELECTROPHORESIS CELL 
A. DRYING RACK AND SUPPORT STAND 
1. Rubber pegs are used to replace broken off 
Bakelite pegs. Use 1/16 inch diameter 
straight punch and clean out hole with No. 
41 drill. 
2. Drying rack legs should be replaced in pairs 
to assure proper fit, i.e., both legs should 
be of the flat or ribbed construction, as the 
case may be. 
In reassembling rack, the stainless steel rods 
should be so oriented that the tops of the pegs 
lean about 5 degrees outward from the vertical 
when the extended rack is horizontal. 
The rods should be held with a pair of pliers 
to permit maximum tightening of the screws. 
The washer with the rectangular hole goes on 
the outside, below the thumb screw. 
The crowned side of the thumb screw should 
face out, to avoid scratching cell cover. 
Fig. 1. ELECTROPHORESIS CELL, showing 
parts: 
Drying Rack Assembly 
Spinco Part No. 
300-013 
1. Right leg (with pivot stud) 300-058 
2. Left leg (without pivot stud) 300-057 
3. Thumb Nut 300-020 
4. Slotted Washer 300-041 
5. Stainless Steel Rod with 300-037 
screws 
6. Rubber Pegs 300-014 
7. Support Stand 300-030 
8. Glass Support Rods 300-035 
9. Baffles, Removable 300-011* 
10. Wick Support 300-032* 
*Specify Series "B" or "C" as indicated on side of cell vessel. 
FIG. 1 
Series "C" baffles labeled "TOP" -on top edge are NOT interchangeable with baffles not so lllarked. 
:. ELECTRODE 
REPLACEMENT 
The banana plugs are scr:ewed into the sleeves. 
The sleeves are held with respect to the banana 
plugs and terminal block by means of one set 
screw each. The set screws are covered with 
sealing wax for insulation. The ends of the 
sleeves are slotted to permit windlass-like 
tightening of the electrode wire. 
To replace electrode proceed as follows: 
1. Back off both banana plugs i inch. 
2. Pick out insulating wax on top of terminal 
block to uncover set screws. Back off 
both set screws a full turn. 
3. Unscrew the two fillister head screws 
and remove terminal block. 
4. Lift loose baffles from cell and remove 
broken electrode wire with tweezers. 
5. Thread the replacement electrodes through 
the supports which are fastened to the 
center partition. When properly arranged, 
the wire will run in a straight line, held 
at the far end by the plastic bead. 
6. Thread the unbeaded end of the electrode 
through the hole in the cell wall before 
placing the beaded end into slot of last 
support. 
FIG. 2. Arrangement of Electrode: 1. Banana 
Plugs - 300-019 (Spinco Part No.); 2. Windlass 
Sleeves - 300-039; 3. Terminal Block - 300-017; 
4. Set Screws 8 - 32 x 3/16 ss. - P 2340; 
5. Electrode Wire - 300-021. 
CELL I 
7. Bend the free end of the wire to lie across 
the hole on the outside of the cell. This 
bent portion of the electrode will have to 
be engaged by the slotted end of the sleeve. 
8. Apply a thin film of silicone stopcock 
grease to the terminal block surface 
which goes against the cell. This is es-
sential to keep water from creeping in-
to the joint and short circuiting the elec-
trades. 
9. Screw banana plugs all the way into the 
slee'ves and push into terminal block so 
the slotted end of the sleeve sticks out 
beyond. 
10. Bring terminal block into position and en-
gage bent-over ends of electrodes in the 
slots of the sleeves by carefully turning 
banana plugs. 
Fasten terminal block to cell by means 
of the two fillister head screws. 
11. Place socket head wrench into set screw. 
12. 
Take the slack out of the electrodes by 
careful clockwise rotation of the banana 
plug, and tighten set screw. Do not try 
to draw the electrode tight since this will 
lead to breakage. 
The set screw should be sufficiently tight 
to prevent rotation of the windlass sleeve 
during subsequent tightening of banana 
plug. Repeat for the other electrode. 
Fill set screw hole with wax. A small 
piece of paper placed over the socket 
head of the set screw prior to wax filling 
will keep the socket clear. Scrape off 
any excess wax. 
C. CELL VESSEL 
LEAKAGE 
Leakage of the cell to the outside or leakage 
between the two electrode compartments (indi-
cated by arcing through the leakage path) can 
be sealed with Plexiglas cement. 
To seal leak proceed as follows: 
1. Clean and dry cell vessel. 
2. Lay fillet of cement into entire length of 
leaky joint, applying with wooden stick. 
3. Allow cement to set at room temperature. 
3 
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II DUOSTAT -DUOSTAT REGULATED POWER SUPPLY 
X X 
y 
FIG. 3 Schematic Diagram of Units Serial 
116 to 216 and 279 to 999. 
Duostat Replacement Parts 
Pilot light NE51 
Spinco Part No. 
Fuse 1 amp 3AG 
Output Connector, red socket left 
Output Connector, red socket right 
M·eter (specify serial number 
of instrument) 
301-120 
301-127 
301-141 
301-155 
301-166 
RED SOCKET 
# 301- 141 # 30 1- 155 
Switch SW1 Meter Range (specify 
serial number of instrument) 
Switch SW2 Output Select (specify 
serial number of instrument) 
Switch SW3 Output Adjust with Rl22 
(250, 000 pot.) 
Relay 
Transformer 
C101 40 Aif 475v Electrolytic 
Cl02 40 Aif 475v Electrolytic 
Rectifier 
Knobs 
R101 
R102 
Rl03 
Rl04 
R105 
R106 
R107 
R108 
R109 
RllO 
R111 
R112 
R113 
R114 
560,000 
560,000 
50,000 
20,000 
4. 7 meg 
560,000 
10,000 
10,000 
27,000 
33,000 
100,000 
24,000 
24,000 
1.1 meg 
1w 
lw 
lOw 
2w 
1w 
1w 
l.w tw 
2w 
1w 
tw 
2w 
2w 
tw 
301-13 
301-13 
301-11 
301-12 
301-10 
301-11 
301-11 
301-11 
301-13 
301-10 
3 01-10 
301-11 
301-10 
3 01-10 
301-10 
301-10 
301-10 
301-15 
301-15 
301-10 
301-15 
301-15 
301-11 
Rl15 
R116 
R117, 
R120 
R121 
R122 
R123 
R124 
C101 
C102 
C103 
C104 
C105 
Tube, 
Tube, 
Tube, 
Tube, 
X X 
0 0 
2 3 4 0 
5 
SWIA SWIB 
FIG. 4A 
18,000 2w 
15,000 2w 
118, 119 Shunt, Meter 
10 meg 1w 1"/o 
3 meg 1w 1% 
25,000 pot. w/switch 
150,000 1w 1% 
500,000 1w 1% 
12 AX7 
40 ,uf 475v 
40 ,uf 475v 
0. 02 ).If 400v 
0.02 ).lf 400v 
D. 02 m 400v 
6 CL6 
5651 (RCA) 
OA2 
REO SOCKET 
#301 -141 '#301-155 
301-161 
301-160 
301-117 
301-118 
301-112 
301-173 
301-174 
300-114 
300-114 
300-115 
300-115 
300-115 
301-124 
301-125 
301-153 
301-156 
1. All resistors 5"/o unless otherwise specified. 
2. Indicated test voltages (italic numerals) are 
measured with 20, 000-ohm per volt instru-
ment to "B-", not to chassis. 
3. Output selector on 200-500-volt range. 
Voltage adjusted to 500 volts. 
4. Line at 117 volts 60 cps; output connectors 
plugged into back of chassis. 
FIG. 4 
DUOSTAT II 
RED SOCKET 
..,301-141 #301-155 
F!G. 4B 
Schematic Diagrams, A of Units Serial 
1000 and above; B , Serial 5a to 116 and 
216 to 279. For diagram to left of 
dotted line see Fig. 3 
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Ill ANALYTROL.- PHOTOMETER -INTEGRATOR 
A. GENERAL DESCRIPTION 
The Analytrol is basically a calibrated record-
ing photometer and automatic integrator. 
The photometer will measure and record some 
quantity related to the optical density of the 
sample placed before the measuring photocell. 
For example, a technique for paper electro-
phoretic analysis of serum proteins has been 
worked out which permits the recording of the 
distribution of protein along a paper strip. 
The integrator produces a sawtooth pattern 
representing the integral or area under the 
distribution curve immediately above. 
The following is only a brief description of the 
major components. A complete functional de-
scription of the Analytrol may be found in Bul-
letin R -255 dealing with the operation of the 
instrument. 
PHOTOMETER 
Briefly, two photovoltaic cells, a measuring 
cell and a balancing cell, are illuminated by 
an incandescent source. The light which falls 
upon the measuring cell passes through the 
paper strip to be scanned, and will vary with 
the intensity of the light-absorbing material 
on the strip. Light reaching the balancing cell 
passes through a variable aperture. Any un-
balance in the output of the two photocells is 
amplified and fed to a servomotor which varies 
the size of this aperture to produce balance of 
cell output~ Variation of aperture is accom-
plished by rotation of a disc of varying radius, 
the balancing cam. The cable carrying the re-
cording pen is fastened to the same shaft as the 
Fig. 5. Analytrol with 
cover removed and par-
tial cutawa y of cabinet. 
1. Pen Lift Button; 2. Len s 
Mount; 3. Lamp; 4. Chart 
Roller; 5. Drive Roller; 
6. Pen Lift-Bar; 7. Zero 
Index Window; 8. Rea r 
Photocell Locking Sc r ew; 
9. Trimmer Tab Adjust-
ment; 10.Rear Filte r; 
11. Balance Cam; 12. Cell 
Potentiometer; 13. Servo -
motor Locking Screw; 
14.Servo Motor; 15.Lamp 
Base Screw; 16. Slit Width 
Selector; 17. Front Filter . 
rotating cam . Thus cam rotation is t ranslated 
into pen trave l. 
INTEGRATOR. 
(See Section E for detail) 
The sawtooth integration record is produced 
by a rocker arm, one end of which rides on 
the periphery of a ratchet-like wheel. A flex-
ible cable attached to the other end of the rocker 
transmits the movement of the rocker through 
a linkage rod to the integrating pen. On the 
same shaft and turning with the ratchet is the 
integrator wheel which is in friction contact 
with a horizontal disc, driven at constant speed . 
The speed of rotation of the integrator wheel 
is determined by its position along the radius 
of the "constant speed disc. The movement of 
the integrator wheel along the radius of the disc 
is linked to the pen movement. Thus the speed 
of the integrator wheel is proportional to the 
pen position . 
The motor which drives the constant speed disc 
also drives both the chart paper and the strip 
being scanned. Hence, there exists a fixed ratio 
of integrator revolutions per unit length of char t 
paper for any given recording pen position 
STRIP AND CHART PAPER DRIVE 
The strip to be scanned is held between the 
drive roller and the spring-loaded follower 
which is moved into position by the engaging 
lever at the front of the instrument. 
The chart paper drive rollers are driven through 
a bevel gear at the end of the strip roller shaft . 
The chart rollers protrude 1/32 inch above the 
top surface. The paper is held in contact with 
the drive rollers by the weight of the chart rol-
ler. The roller and the pens are raised and 
lowered by the pen-lift button. 
B. MECHANICAL 
For proper operation, the hand crank, the cable 
rider which carries the pen and the balance cam 
must be aligned with respect to one another. 
The relative motion of these components may 
be observed while turning the hand crank. 
1. Position of Cable Rider 
With the hand crank in the extreme counter-
clockwise position, the point of the pen 
should be 1 em below the zero index line 
(Spinco No. 300-542 graph paper provides 
a convenient measure of pen position.) 
The cable rider may be moved along the 
cable after the cable rider nut has been 
loosened. 
2. Position of Balance Cam. (Figure 6, page 8) 
Remove the cover plate, the light-source 
cover and the rear light filter to view the 
periphery of the cam from the front of the 
instrument through the diagonal slit aper-
ture. The aperture may be opened by clock-
wise rotation of the zero adjust knob, which 
moves the "movable half" of the slit to the 
right. With the recording pen on the "zero 
line", the scribed line near the periphery 
of the cam should be in line with the edge 
of the left or "fixed half" of the slit. (i.e. , 
when the scribe mark is in line with the 
fixed edge, the pen should be within ± 1 mm 
of the zero line) 
To reposition cam on shaft proceed as 
follows: 
a. Remove right end panel after pulling 
zero adjust knob out of socket. 
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ALIGNMENT 
b. Loosen rear photocell thumb screw, 
slide out photocell and let it hang by 
the lead wires (}Ver the rear plate. 
c. Unscrew knurled nut holding cam in 
place. Remove cam. Disengage servo-
motor by loosening locking screw and 
~>winging motor to down position. 
d. To disassemble clutch remove collar 
held by 8-32 set-screw. Remove spring 
washer and slip washer. Remove spur 
gear which slides off the cam positioner. 
Loosen 10-32 set-screw holding cam 
positioner to shaft. 
e. Temporarily replace cam to align 
scribe mark with fixed edge of slit 
while the pen is on the zero line. Lock 
cam positioner to shaft by re-tighten-
ing set screw. Check alignment. 
f. To reassemble clutch, remove cam 
and replace spur gear, slip washer, 
spring washer and collar. Set-screw 
in locking collar should bear on flat 
of positioner. Adjust collar position 
to leave clutch loose enough to permit 
turning of hand crank while restraining 
spur gear. Re-engage servo motor. 
Turn servo motor gear to check that 
cam follows without slipping. 
g. Be sure that cam, photocell, balancing 
light filter and light-source cover are 
properly replaced. 
C. PHOTOMETRIC CALIBRATION 
Precise calibration as outlined below is essen-
tial for the proper operation of the instrument. 
Small discrepancies in calibration can lead to 
measuring errors which are not immediately 
evident and thus may invalidate a considerable 
amount of work by the time they are recognized. 
To check calibration proceed as follows: 
See Fig. 5 for identification of parts. 
1. Lamp, Operation & Position 
Turn on "Power", "Lamp" and "Pen"*· 
Align center scribe line of "slit width se-
lector" for proper centering of 1 t mm slit. 
Check to see that clean front and rear light 
filters (Blue Glass No. 300-531) are in 
place. 
Insert clean paper strip. Allow at least 15 
minutes warmup. If lamp has been replaced 
be sure to check filament alignment. An out 
of focus image of the filament should be ac-
curately centered about the slit which in turn 
is centered in the rectangular aperture. 
The lamp receptacle may be moved after 
loosening of the two screws which hold 
the base. Replacement or repositioning 
of lamp necessitates recalibration as 
below. 
2. Zero Adjustment 
With the cell potentiometer near the middle 
of its range, move recording pen to "zero 
line" by turning the "zero adjust knob". 
*The Pen switch is labeled "SERVO" on early models 7 
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If the recording pen moves to top of 
chart, check connection to front photo-
cell on inside of cabinet. 
Unplug cell to check output (use 20, 000 
ohm/volt meter). Standard room illumin-
ation should give a minimum output of 
about 40 micro-amperes. Front and rear 
photocells are matched at the factory and 
must be replaced in pairs. 
If the recording pen moves to bottom of 
chart, check connections and output of 
rear photocell. 
If recording pen oscillates: 
a. Check engagement of servo motor. 
The motor should be in its uppermost 
position, the bolt with the tightening 
nut against the stop, and the nut tight. 
b. Adjust gain control 
The gain control, located on the am-
plifier chassis, is accessible after 
the left end panel held by 6 screws 
has been removed. Turn the potentio-
meter marked "Gain" counter-clock-
wise a few degrees (no more than 10 
degrees) beyond position where oscil-
lation ceases. 
c. Check amplifier (see Section D. below). 
3. Cell Potentiometer Adjustment 
Insert 0. 9 Neutral Density Filter (No. 300-
565) in holder next to and in front of front 
light filter. Adjust cell potentiometer until 
pen is 8. 2 em above zero line. Remove the 
0. 9 Neutral Density Filter and recheck zero 
level. Since one adjustment affects the other, 
repeat zero and cell potel}.tiometer adjust-
ment until proper setting is obtained. Over-
shooting the adjustment at first may be nec-
essary. 
4. Trimmer Tab Adjustment 
Replace 0. 9 Neutral Density Filter and in 
addition place 0. 6 Neutral Density Filter 
(No. 300-641) on ledge before the slit on the 
inside of the front panel. The pen should 
move to the 12.4 em line (within ± 0. 4 em). 
Adjustment of trimmer tab screw will 
correct pen position for 12.4 em line. 
Adjustment for 0, 8. 2 and 12.4 em may 
have to be repeated since one adjust-
ment affects the others. After final cali-
bration seal trimmer tab screw with 
wax, lacquer, etc. to discourage tamper-
ing. 
FIG. 6. CLUTCH ASSEMBLY: 1. Shaft; 2. Cam Positioner; 3. Slip Washers; 4. Spur Gear; 
5. Spring Washer; 6. Collar; 7. Knurled Nut; 8. Cam. 
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FIG. 8 Analytrol Amplifier 
Replacement Parts Spinco Part No. C1 1 uf 200v 300-587 
C2 1 uf 200v 300-587 
Converter 300-585 C3 10 + 10 + 10 - uf 450v 300-584 
Transformer 300-6,07 C4 0. 05 uf ± 20"{o 400 v 300-585 
Rectifier 300-611 C5 o. 05 uf ±. 20o/o 400 v 300-585 
Capacitor C8 2 - 1 uf 330v 300-589 C6 0. 05 uf ± 20o/o 400v 300-585 
Fuse tamp 3AG "SLO-BLO" 300-592 C7 20 + 20 + 20 - .uf 25 v 300-586 
Main Fuse 3 amp 3AG 300-630 C8 1+ 1 -.uf 330 v 300-589 
Tube, 12 A X7 300-577 
R1 1 meg pot. 2w 300-590 Tube, 12 B H7 300-578 
R2 22,000 300-605 Rectifier 300-611 
R3 22,000 300-605 1. All resistors 5o/o t watt unless otherwise R4 150,000 300-600 
R5 47 ,000 300-601 specified. 
R6 1 meg 300-599 2 . Indicated test voltages (italic numerals) are 
R7 1 meg 300-599 m easured with 20,000 ohm per volt instru -
R8 2. 2 meg 300-603 ment from point to chassis . 
R9 10,000 300-598 
3 . All a-c voltages are measured with a-c vtvm. R10 10,000 300-598 
Rll 1 meg 300-599 4. "SERVO" or "PEN" switch on. 
R12 10,000 300-598 5. All other switches "OFF" except "LAMP" R13 470,000 300-602 
R14 150 2 w 300-604 where indicated. 
R15 1 meg pot . 2w 300-590 6. Line at 117 volts 60 cps, gain control (R15) 
R16 1 meg 300-599 at zero (counter-clockwise). 
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D. SERVO AMPLIFIER (Figure 8 Analytrol Amplifier . Figure 9 Converted Amplifier) 
Early model servo amplifiers use one half of 
one of the 12AX7 tubes for rectification and 
two 12AU7 tubes in the output stage. Conver-
sion to the later design (Fig. 8) is recommen-
ded if oscillation or erratic response is traced 
to an amplifie r. 
To convert, proceed as follows: 
a. Screw stand-off insulator (Spinco Part No. 
1422) onto 6-32 screws which hold the elec-
trolytic capacitor mounted between the two 
12AU7 tube sockets. 
b. Cut the red lead off terminal 7-8 of the 
12AX7 socket adjacent to the gain control 
potentiometer. 
c. Cut the blue lead off terminal 6 of the same 
socket. 
d. Solder the red lead to one standoff, the blue 
lead to the other standoff. 
e. Mount the rectifier (No. 300-611) between 
the standoffs with the black lead to blue, 
the red lead to red. 
f. Replace the 12AU7 tubes by two 12BH7 
tubes and relabel the tube sockets for future 
reference. 
FIG. 9. CONVERTED SERVO AMPLIFIER, SHOWING RECTIFIER MOUNTING • 
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E. INTEGRA TOR MECHANISM 
1. Description 
R emoval of the integrator carriage cover 
held by two screws reveals the rocker arm 
attached to a jewel-bearing supported shaft. 
One end of the rocker rides on the ratchet 
wheel. Next to the ratchet wheel and also 
attached to the shaft is the integrator whee l 
which is in friction contact with the constant 
speed disc. The little bead under the other 
end cif the rocker arm is permanently at-
tached to the fine cable which runs through 
the flexible sheath. The unbeaded end of the 
cable is brought through and clamped in a 
vertical hole at the end of the torque arm 
which in turn is attached to the integrator 
linkage shaft which runs below and parallel 
to the front chart guide. * 
The up and down movement of the rocker 
arm riding on the ratchet wheel is thus 
converted into a rotary motion of the link-
age shaft. 
Slack in the cable will reduce the mag-
nitude of the linkage shaft rotation. In 
the extreme case, i.e. , when the slack 
is too great or when the cable is broken, 
no motion is transmitted. 
A vertically oriented, slotted pin at the 
other end of the linkage shaft (in line with 
the pen guide rod) translates the rotary 
motion to a reciprocating horizontal move-
ment of the integrator pen actuator. This 
slotted pin and the manner in which it is 
connected to the pen actuator may be ob-
served after removal of the cover plate 
fastened to the chart guide by two screws. 
The spring which pushes against the pen 
actuator puts the entire integrating linkage 
under tension. The magnitude of this tension 
may be adjusted for optimum pen response 
by moving the pen guide rod. 
The rod may be lifted out and repositioned 
after the cover plate on top of the rear 
chart guide has also been removed. 
2. Position of Integrator 
To check position of integrator proceed as 
follows: 
a. Insert a sheet of chart paper and ink the 
integrator pen. Place recording pen 1 em 
above zero line and turn on "Power". 
b. Turn on "Fe ed" long enough to obtain a 
record a few centimeters long. 
There should be 20 ( ± 1) saw teeth pe r 2 
centimeters. 
c. Place recording pen 10 centimete rs abov e 
zero line. Tj:lere should be 200 ( -1: 5) saw 
te eth per 2 centimeters. 
If there are too many saw-teeth, loos en 
set-screw which .holds the integrator 
wheel on its shaft and move wheel to-
ward center of disc and re-tighten s e t 
screw. Check new position as above. 
Be sure both the integrator wheel and' the 
constant speed disc are fre e of oil or lint. 
Any slippage of the integrator wheel will 
lead to erratic results even if this slip-
page is confined to a narrow range of r a -
dial position on the constant spe ed disc . 
3. Position of Ramp 
To prevent wear, the ramp is adjuste d to 
effectively lift the integrator carriage when 
the integrator wheel r e aches the c ente r of 
the constant speed disc. 
a. Place piece of thin paper (0. 002 in . or 
less) between integrator wheel and con-
stant speed disc. Paper should become 
free to move as the recording pen reaches 
the zero line (plus 0 . 5 mm, minus nothing). 
To reposition ramp, turn set screw 
in ramp mounting block. Clockwise 
rotation will lower ramp. 
b. Insert chart paper and ink the integrator 
pen. Place recording pen 2 mm above 
zero line and turn on paper feed to obtain 
a trace a few centimeters long. The r e 
should be between 1 and 3 teeth per centi-
meter. 
If the flexible cable sheath is too short, 
it may lift the carriage before the cen-
ter of the disc is reached. Check that 
the ramp rather than the sheath lifts 
the carriage (see "Replacement of In-
t egrator Cable" below). 
4. Replacement of Integrator Cable 
a. Remove right end panel after pulling out 
zero adjust knob. 
b. Loosen the outside carriage positioning 
collar and slide aside in order ·to lift 
carriage off the rod. 
*Inspection is facilitated by removal of the right panel which carries the "ZERO ADJUST" knob. 
This knob may be pulled straight out. 
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FIG. 10 INTEGRATOR MECHANISM: 
1. Oollar, Carriage Positioning; 2. Sheath, 
Flexible; 3. Chart Guide, Front; 4. Cover 
Plate; 5. Actuator, Integrator Pen; 6. Rod, 
Pen Guide; 7. Spring, Pen Actuator; 8. Slotted 
Pin, Linkage Shaft; 9. Linkage Shaft; 10. Torque 
Arm; 11. Linkage Support; 12. Rocker Arm; 
13. Cover, Integrator Carriage; 14. Wheel 
Integrator; 15. Ramp; 16. Disc, Constant Speed; 
17. Wheel, Ratchet; 18. Bead, Integrator Cable. 
1 3 
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The underside of the carriage reveals 
the rocker arm, one end of which rides 
on the ratchet wheel. The bead at the 
other end of the rocker is fastened to the 
cable to be replaced. 
c. Pull out cable by beaded end. 
d. Loosen the set screw which holds the 
flexible sheath in the linkage support. 
Remove carriage with sheath. 
e. Loosen the 0-80 screw in the torque arm 
and remove broken cable. 
f. To replace sheath loosen set-screw in the 
side of the carriage. The set-screw bears 
on a brass plug which in turn is in contact 
with the sheath. One-eighth inch of the 
sheath should protrude below the integra-
tor carria·ge. 
g. To replace flexible cable, thread unbeaded 
end through the sheath, the linkage support, 
and torque arm. The sheath should pro-
trude nominally 1/16 in. above the linkage 
support. 
h. Replace carriage on rod to check free 
length of sheath. With the integrator wheel 
at the center of the constant speed disc 
(recording pen at zero mark) the unsup-
ported sheath should be just long enough 
to avoid raising the carriage. If the sheath 
is too long, excessive curvature may 
cause the cable to bind. Adjust the length 
of sheath protruding above the linkage 
support and tighten set-screw. 
i. Make sure the bead on the flexible cable 
properly engages the rocker arm. With 
the rocker on a low spot of the ratchet 
wheel, pull taut the end of the cable pro-
truding above the torque arm and re-
tighten 0-80 screw to clamp cable.* The 
torque arm should be approximately hori-
zontal. Cut off excess cable. 
j. To reposition carriage on rod, move po-
sitioning collar up against carriage to 
take out end play, without impeding up 
and down motion of carriage. 
k. Check proper functioning and alignment 
of integrator mechanism as above. 
F. CHART PAPER DRIVE 
The chart roller should be in contact with both 
drive rollers when in its lowered position. If 
the pen button is not pushed in all the way, only 
the rear drive roller is engaged and the paper 
will move at an angle. 
Misalignment of the drive rollers to a point 
where proper contact with the chart roller is 
no longer possible indicates rough handling in 
transit and unit should oe returned to the fac -
tory for inspection. 
*To prevent shearing of the Nylon cable, a short piece of aluminum tubing is slipped over the 
cable in the region of the clamping screw. 
CEMENT INDEX WINDOW 
ON PEN GUARD . 
PEN GUARD 
FRONT CHART 
GUIDE----' 
FIG. 11. REPLACEMENT OF ZERO-INDEX WINDOW 
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FIG. 12. ULTRAVIOLET-ADAPTED ANALYTROL, SHOWING POSITION OF ACCESSORIES 
G. REPLACEMENT OF PEN ASSEMBLY 
In replacing pen assemblies, make sure the pen 
holder moves freely. on the pen guide rod. 
Check clearance between pen holder and pen 
lift bar, with the pen lowered, i.e., with the 
lift button pushed all the way in. The lift bar 
should be 1/64 in. above the pen holder. When 
lowered, the ends of the lift bar rest on two 
screws which may be adjusted to give the re-
quired clearance. 
H. REPLACEMENT OF ZERO-INDEX WINDOW (Figure 11) 
When the index window is cemented in place, 
the scribed line should be on the inside and 
accurately 1. 58 inches from the front paper 
guide. Check position of cable rider and bal-
ance cam as in Section III-B. 
I. LUBRICATION 
NOTE: Never lubricate any part of the inte-
grator linkage. Even light oil will cause undue 
drag on the low-inertia system. 
1. Paper and Integrator Drive Motor 
Two drops of light oil at the two points lu-
bricating the armature shaft, every six 
months. Do not oil the gear train. 
2. Integrator Wheel Shaft 
This shaft rU:ns in jewel bearings covered 
by a felt washer. 
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Add one drop of watch oil to each felt washer 
every six months. Be sure to wipe off any 
excess which may be outside the bearing 
pocket after the integrator has run for a 
few minutes, and remove any oil from the 
integrator wheel and constant speed disc. 
(See Section III-E, item 2) 
3. Fan Motor 
Two drops of light oil at the two points lu-
bricating the armature shaft, every six 
months. 
J. ADAPTATION FOR ULTRAVIOLET COLORIMETRY. (Figure 12) 
a. Install ballast, starter and lamp as indi-
cated in Figures 7 and 12. 
b. To install quartz lenses (which replace the 
glass: lenses for all applications) loosen 
set screw at top of lens mount and replace 
barrel holding glass lenses by barrel with 
quartz lenses. The lens end of the barrel 
faces toward the lamp. The other end of 
the barrel should be flush with the lens 
mount. Tighten set screw to lock barrel in 
place. The heat absorbing glass is not used 
with the ultraviolet lamp. --
c. Remove filters from front and rear filter 
holder and place 0. 9 Neutral Density Filter 
in rear filter holder. 
d. Move slit width selector to right to remove 
slit mask from field. Install B-1 cam . 
e. Replace photovoltaic cells by matched pair 
of special ultraviolet-sensitive cells. 
Plug in liquid sample adapter. 
f. Place cell potentiometer at about mid-range 
and turn on "Power" and "Lamp"; allow 15 
minutes warm up. 
CAUTION: AVOID PROLONGED EXPOSURE 
OF EYES TO U. V. RADIATION. 
g. Remove left end panel held by 6 screws. 
Turn "GAIN" control shaft to extreme 
clockwise position. Replace panel. 
h. With distilled water in a quartz or Vrcor 
test tube bring pen to "zero position' with 
zero adjust knob. 
i. Without removing water, slide a glass mi-
croscope slide in the strip guide to cover 
light beam. Adjust cell potentiometer to 
bring pen 13 em above zero line ( + 1 em). 
Remove glass slide and recheck zero po-
sition. Repeat steps h and i as necessary. 
j. If instrument is to be reconverted for use 
with tungsten lamp, be sure "GAIN" con-
trol is readjusted as on p. 8. 
ACCESSORIES FOR ULTRAVIOLET COLORIMETRY 
Quartz Lenses, Mounted 
Ultraviolet Lamp 
Ballast 
Starter 
Starter Holder 
Mount, Lamp 
Socket, Lamp 
Spinco Part No. 
300-688 
300-493 
300-496 
300-495 
300-494 
300-431 
Ultraviolet Measuring Photocell 
Balancing Photocell 
300-497 
300-632 
300-549 
Balancing Cam, B-1 300-626 
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Liquid Sample Adapter 
Spinco Part No. 
300-524 
300-643 Test Tubes, Ultraviolet Trans-
mitting 
Screws: 
8 - 3 2 x 5 I 16 round head 2 required 
6 - 32 x 518 fillet head . 2 required 
6 - 3 2 x 5 I 16 binding head 2 required 
6- 32 x 5/16 round head 2 required 
8 - 32 x 1/4 knurled head 2 required 
